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Deregulation in telecommunications theoretically brings about price 
reduction and other competing activities, and creates additional 
,telecommunication demand. On the other hand, it also brings forth new 
services and hence migration of demand from one service to another. 
This paper identifies and quantifies the impact of telecommunication 
deregulation in the U.S., U.K. and Japan on international telephone 
traffic using Econometric and Time-Series Analysis methods. 
Results show that the entry of new common carriers into the 
international telephone market could drive international telephone 
rates charged to customers down by as ifiuch as 38% and could stimulate a 
total traffic by as much as 30% in the case of Japan. 
Telecommunication deregulation appears to have induced synergy on the 
effect of price as telecom carriers cut their price and at the same 
time publicize for their price cut and quality of service, resulting 
price elasticities of international telephone traffic which are found 
to be inelastic in general to have become less inelastic. However, this 
non-price impact has not been found to generate more than 6% of the 
total telephone traffic. This paper has also identified that the 
dominant international telephone carriers in the U.S,, U.K. and Japan 
who used to be monopolies before deregulation have lost at least 10% of 
their total international telephone market. These together mean that 
it is unlikely, if not impossible, that a dominant international 
telephone carrier could cover its loss of market share by gain in 
multi-carriers stimulation. The loss could be aggravated by the 
i i i 
migration of telephone traffic to IVANS/Leased Circuits as evidenced 
by the results which show that IVANS/Leased Circuits could capture as 
high as 20% of the total international telephone market in the Japan 
case. 
In the case of Hong Kong, whilst Hong Kong Telecom can retain its 
monopoly before its domestic franchise expires in 1995 and its 
international franchise expires in 2006, value-added services provided 
on IPLCs for both voice and fax/data will soon be allowed in Hong 
Kong. The effect of this could be analogous to that of IVANS/Leased 
Circuits in Japan, but perhaps to a lesser extent. 
Price elasticity coefficients of international telephone traffic are 
found to be approximately -0.4 for total U.S. outgoing, -0.8 for total 
U.K. outgoing, -0.7 for total Japan outgoing, -0.6 for U.S. to U.K., 
•0.5 for U.S. to Japan, -1.1 for U.K. to Hong Kong and -0.9 for Japan, 
to U.S.. 
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Efficient telecommunications services play a vital role in the economy. 
Business increasingly relies on them for its continuing commercial 
prosperity and society is increasingly depending on good communications. 
In order to stimulate provision of efficient telecommunications services, 
the governments liberalize and privatize the telecommunications markets 
which traditionally are government owned and monopolized. This brings 
forth competition between private entities and between different services 
in the telecommunications markets, and theoretically would increase 
customer choice, stimulate greater efficiency in the use of national 
resources, bring down price and increase service quality and encourage 
growth and innovation.1 In the past, telecommunications markets 
in all parts of the world were monopolized due to the belief that there 
were economies of scale or scope. As the markets grow, in some 
countries, it has become possible for their markets to accommodate more 
than one company and allow competition. 
The concept of liberalization of the telecommunication monopoly began in 
the United States. Pressures which became evident in the 1950s and the 
1960s, were raised by retailers and companies with distributed sites, and 
concerned first the connection of equipment and then the provision of 
cheap data communications.3 This has spread over to other 
countries. As a result, the U.S. telecommunications markets were 
1 Superscript refers to the same numbered Bibliography/Reference 
listed on Pages 90 - 91 of the paper. 
2, 
liberalized followed by the U.K. and Japan. Other countries, such as 
Germany, Czechoslovakia, Hungary, Brazil, Australia, South Korea and 
Singapore have either undergone to a certain extent or have planned for 
liberalization of their telecommunications markets. Now liberalization 
of the telecommunication markets has become a global trend.4 & 5 
In Hong Kong, whilst the telecommunications equipment market and the 
local value added services are liberalized, the basic domestic and 
international telecommunications services are solely provided by Hong 
Kong Telecom which owns Hong Kotig Telephone an4 Hong Kong Telecom 
International. Hong Kong Telephone holds an exclusive franchise for 
providing domestic telephone services until 1995 while Hong Kong 
Telecom International holds an exclusive franchise for providing , 
international telecom services until 2006. 
With the global trend of liberalization in the telecommunications 
markets it has become a grave concern of what the impacts of 
telecommunications deregulation really are, particularly for those 
monopolies, such as Hong Kong Telecom, who are being pressed for 
liberalization. 
The scope of telecom deregulation is very wide. It can be on telecom 
equipment and on telecom network and services. It can be on domestic 
and on international. On the other hand, the impact of telecom 
deregulation can be extremely complex and complicated, far and wide. 
It can impact on economies and industries. It can also impact on the 
consumers as well as the prevailing monopolies. 
3, 
Whilst deregulation on equipment may impact on the use of telecom 
network and services, deregulation on telecom network and services 
may also have impact on the advancement of telecom equipment. Not 
only would deregulation on the domestic market have a most direct and 
extensive impact on the domestic market itself, it would also impact 
on the international market. Likewise deregulation on international 
market would have a most direct and extensive impact on the 
international market itself and some Impact on the domestic market. 
As the scope for telecom deregulation is so wide, and its impact can 
be so complex and complicated, it is impossible for a project of this 
kind to cover all areas. Thus, this project is confined to the study 
of the impact of telecommunications deregulation on international 
telephone traffic by looking into what has happened in the U.S., U.K, 
and Japan where telecom had been deregulated. This is an area of 
most concern for international carriers worldwide, as international 
telephone is the largest revenue earner of all international 
telecommunication services and is undergoing a quantum leap in size, 
arid its importance to the world facilities has eclipsed that of local 
telephone systems.6 This concern is particularly so for 
those international carriers which are now still monopolies, such as 
Hong Kong Telecom International. 
Their concern is mainly two fold - what would happen to the 
international telephone traffic as a whole and what would happen to 
the dominant carrier if the international market is deregulated? 
That is: 
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Would the total international telephone market be stimulated as 
a result of multi-carriers due to price and non-price 
competition? 
How much traffic could migrate from International telephone to 
other international telecom services, such as international 
value-added services? 
Could the dominant carriers cover their loss to other carriers 
and services by the gain in stimulation of demand in the total 
telephone market? 
This project concentrates on answering these questions. 
Methodology used in identifying and quantifying the impact of 
telecommunication deregulation in the U.S., Japan and the U.K. on 
international telephone traffic and its impact on the dominant 
international carriers which used to be monopolies before deregulation is 
given in Chapter 2. Models and results are presented in Chapter 3. 
Finally, inference is made to the Hong Kong case if telecommunications in 
Hong Kong are to be deregulated. This, together with other discussions 
and conclusions are presented in Chapter 4. 
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CHAPTER I I 
METHODOLOGY 
First of all, an account of telecommunications deregulation in the 
U.S., U.K. and Japan is researched. Most importantly, what kind of 
international telecommunications services had been deregulated, when 
were they deregulated and what actions had been carried out: by the 
multi-carriers, such as price reduction, advertising and sales 
promotion. 
Secondly, reason the factors that would determine the demand for 
international telephone traffic. 
Thirdly, historical data of international telephone traffic, collection 
rates charged to the customers for using their international telephone 
services, economic variables and other possible relevant variables that 
could have determined international telephone demand are collected. 
These historical data have to be sufficient to cover a period before 
and after the time when telecommunications deregulation was 
introduced. The historical data so collected are mainly for analysis 
of international telephone traffic of total outgoing telephone traffic 
from the U.S., U.K. and Japan to other parts of the world and the 
traffic flow among these countries and traffic flow between these 
countries and Hong Kong. Wherever possible, not only annual historical 
data but also monthly historical data are collected. 
Fourthly, having collected the historical data, identification and 
quantification of the impact of telecommunications deregulation in che 
U.S., U.K. and Japan on international telephone traffic are made using 
Econometric and Box-Jenkins methods, wherever appropriate. 
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An Account of Telecommunication Markets Deregulation in the U.S., U.K. and 
Japan 
In the United States, Federal Communications Commission (FCC) allowed 
competing carriers to set up long-distance telephone networks parallel to 
that of the American Telephone & Telegraph (AT&T) in order to provide 
specialized private-line services in 1971. In 1978, MCI was allowed to 
interconnect with AT&T's network to provide switched services. In 1984, 
AT&T agreed to break itself into eight pieces, with one company 
responsible for long-lines services and seven for regional local 
services. In 1986, MCI and US Sprint entered the U.S. international 
telephone market to compete with AT&T. During 1986, overall 
international telephone rates were reduced by about 8% as a result of 
.• . . 3,7 & 8 
competition. 
In the United Kingdom, British Telecom was spun off from the British Post 
Office in 1981 and privatized in 1984 and was made competing with Mercury 
Communications for both domestic and international traffic. By mid 1990, 
Mercury was handling 13% of telephone traffic to the U.S. , 13% to West 
7 & 9 
Germany and 14% to Japan, 
In Japan, the Japanese telecommunications was liberalized with the 
passing of the Telecommunications Business Law in 1985. Both NTT & KDD 
lost their monopoly in the domestic and international market 
respectively. In October 1987, Japan began to accept applications for 
international value-added networks licence. The market for 
international leased lines was opened to competition in April 1989, and 
international voice telephone service was opened in October 1989. The 
new companies, International Telecom Japan Inc. and International 
Digital Communications Inc. now offer both IDD service and private 
7, 
lines. As of May 1990, the new carriers gained 35% of the 
USA-to-Japan IDD traffic and 20% of the leased line business. The 
rapid achievement of a significant market share by the new carriers 
has encouraged vigorous price competition. In preparation for the 
competition, KDD reduced rates by 21% in September 1988. Iri November 
1989, KDD further reduced rates by 18% in counteracting with the 21% 
reduction by IT J and IDC. In the domestic arena, there are now about 
6 & 9 
50 new common carriers challenging NTT. 
Major Determinants of International Telephone Demand 
Theoretically, demand is mainly determined by price, income and 
consumers' preference and technology, This is of no exception for 
demand for international telephone. Demand for international telephone 
has been mainly determined by economic variables, such as gross 
national product, personal disposable income, collection rates charged 
for the use of international telephone services, tourists, trade, arid 
other variables, such as technology (such as opening international 
direct dialling service, introduction of satellite communications and 
introduction of facsimile), introduction of other services (such as 
international leased circuits and international value-added network 
services), and expansion of local telephone network both in Hong Kong 
arid abroad. 1 
Sources of Data 
The historical data required for quantitative analysis of the impact of 
telecommunications deregulation have to cover a period before and a 
period after the implementation of deregulation in the U.S. , U.K. and 
Japan. 
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Historical telecommunications traffic data and collection rates 
charged to customers are obtained from the Federal Communications 
Commission (FCC) of the U.S., the Yearbook of Common Carrier 
Telecommunication Statistics, the World's Telephones, Annual Reports 
of British Telecom and internal records of Mercury, U.K. and 
International Digital Corporation of Japan (sister companies of Hong 
Kong Telecom), and of Hong Kong Telecom International. 
Historical economic data are obtained from Annual Report on National 
Accounts (1990) by Economic Planning Agency, the International 
Monetary Funds publications, OECD publications, National Institute of 
Economic and Social Research of U.K., and Hong Kong Annual and Monthly-
Digest of Statistics. 
As historical traffic data are only available from the year 1975 
onwards, historical economic data are collected from 1975 onwards. 
Only annual data are available for traffic outgoing from the U.S., 
U.K. and Japan, while monthly historical data are available for Hong 
Kong traffic from/to the U.S., U.K. and Japan. This is sufficient for 
the purpose of this exercise as new common carriers, MCI and US Sprint 
had not entered into the U.S. international market to compete with 
AT&T until 1986. Mercury was not active in the U.K. international 
market until 1987 and ITJ and IDC did not enter the international 
telephone market in Japan until October 1989 and applications for 




On using the econometric method, international telephone traffic is 
regressed on price, economic and other variables as appropriate 1 0 - 2 0 
until a good model is formed for the period before the deregulation 
was introduced. In forming a good model, all statistical criteria, 
~ 2 
R , DW statistics, F statistics and t statistics have to be 
satisfied; test for multicollinearity has to be carried out to ensure no 
presence of multicollinearity; residuals of the model have to be examined 
to ensure no presence of heteroscedasticity. The regression period for 
the model is then extended period by period to see if there is any change 
—2 
in the statistics, such as R , Durbin-Watson statistics, F statistics 
and t statistics, and in the regression coefficients. These changes in 
statistics and regression coefficients would provide signals of changes 
in the model and hence signals of impact on the international telephone 
traffic. If significant structural change due to missing variables after 
introduction of deregulation is identified based on the statistics, 
1 H i o a i 7 
particularly the Durbin-Watson statistics , ' the 
suspected missing variable is included into the regression for rerun to 
see if the statistics are back to normal. If they do, this would 
evidence that the international telephone market had been impacted by 
that factor due to deregulation. The pre-deregulation model which is in 
fact a regression using data prior to deregulation is then used to 
estimate the impact of deregulation using ex-post forecasting 
techniques. This impact is purely the impact due to deregulation other 
than price, such as due to advertising, promotional and other competing 
activities, as, in effect, price reduction can be taken place without 
deregulation. Of course, price can also be driven down due to 
10, 
deregulation. Thus, total impact including price reduction can also 
be estimated by ex-post forecasting with the nominal price remained 
unchanged as at the time before deregulation. Alternatively, the 
impact of purely price on demand can be read from the regression 
coefficient of the pre-deregulation econometric model. Box-Jenkins 
O 1 o o o 
technique" 01 C6 is used in time-series where monthly 
historical data are available, such as Hong Kong traffic from/to the 
U.S., U.K. and Japan. ARIMA models are built for traffic prior to 
introduction of deregulation. By means of ex-ante forecast for the 
period after the implementation of deregulation and comparing with 
the actuals, the short-term total impact of the deregulation can be 
estimated. By extending the historical data and rerunning of the 
ARIMA model, ex-ante forecast for the next period is produced. 
Comparing this forecast with the actual, the impact of the 
deregulation can be detected for its continuing amplification or 
diminution. This would supplement the Econometric method in area 
where Econometric method is not possible and would 
support/counter-check the results produced by the Econometric method 
in area where Econometric method is possible. 
11, 
CHAPTER I I I 
MODELS AND RESULTS 
As the major concern of this project is to identify and quantify the 
impact of telecommunications deregulation in the U.S., U.K. arid Japan, 
emphasis has been placed on modelling demand for the total outgoing 
international telephone traffic originated from the U.S., U.K. and 
Japan with support by modelling demand for the bilateral traffic flow 
between them and their traffic to Hong Kong where historical data 
allowed. Thus, in total seven single equation econometric models, 
three for their total outgoing traffic, and four for traffic between 
them/traffic to Hong Kong were constructed. Six ARIMA models, where 
monthly data for their traffic to/from Hong Kong are available, were 
also constructed to supplement/support/counter check the econometric 
results . 
ESTIMATION OF DEREGULATION IMPACT USING ECONOMETRIC METHOD 
Using the historical data described in Chapter II, the econometric models 
1 1 1 2 & 1 6 
constructed, in general, can be presented as follows : ' 
In MINt = + C2 In INCOMEt + C3 In CPIt + C4 In PRICEt + Ut 
where In = Logarithm 
MIN = Annual international telephone outgoing traffic minutes. 
INCOME = Income (Gross national product, gross domestic product, 
trade or personal disposable income) in real terms. 
CPI = Consumer price index as a general price deflator. 
PRICE = Average nominal collection rate of international telephone 
charged to the customers. 
C's = Regression coefficients . 
U = Error term. 
12, 
Demand theory dictates that changes in prices affect negatively the 
quantity demanded, while economic activity measured through real 
income has a positive impact on demand since levels of economic 
activity are positively correlated with levels of trade and overseas 
calling. The consumer price index may be thought of as a proxy for 
the price of other goods and services used by consumers. It measures 
indirectly changes in the value received from making an overseas call 
relative to other goods and services. It is positively correlated 
with traffic demand in nhac ail other goods In aggregate serve as a 
specific functional form, estimating nominal 
international telephone collection rate and the consumer price index 
c o e f f i c i e n t s separately is similar to estimating the impact of a real 
collection rate variable but with the advantage of riot compelling the 
nominal collection rate and the deflator impact to be the 
same.i5 In cases where estimating nominal incernatlonal 
telephone collection rate and the consumer price index coefficients 
separately creates multicollinearity problem, the effect of nominal 
telephone rate and the consumer price Index is compelled to be the 
same by deflating the nominal telephone rate with the consumer price 
index. 
In the econometric modelling, the impact of deregulation Is estimated 
by ex-post forecasting of the pre-deregulation model which is in fact 
a regression constructed by using data prior to deregulation, i.e. by 
estimation of percentage deviation of actual from ‘forecast'. This 
impact is purely the impact due to deregulation other than price such 
as due to advertising, promotion, migration of traffic to IVANS/Leased 
circuits and other competing activities, as, in effect, price 
reduction can be taken place without deregulation. 
13, 
Total impact including price reduction is estimated by ex-post 
forecasting with the nominal price remained unchanged as at the time 
before deregulation, i.e. by estimation of percentage deviation of 
actual from 'forecast' with telephone rates remained unchanged as at 
the time before deregulation. The difference of the two is, in fact, 
the effect due to telephone rates changed. 
The process of estimation by expost forecasting for the subsequent 
years is repeated as the regression period for the model is extended 
period by period to check for changes from one period to another and 
to check for consistency and reliability of the model. 
Statistics for different regression periods, R , F Statistics, 
t-Statistics and in DW Statistics, are noted to identify any signal 
for impact by deregulation. The residuals of the models, particularly 
for the regression period prior to deregulation, are also examined to 
ensure no presence of heteroscedasticity. 
As most of the econometric models constructed are in log linear form, 
elasticity coefficients, particularly the price elasticity coefficient 
that we are most interested in, can be read directly from the 
regression coefficients price elasticity of demand is defined as 
% Change in Demand
 = A Demand / Demand 
% Change in Price A Price / Price 
This is equal to ( 3 In Demand / 3 In Price) = the regression coefficient 
of the price variable of the logarithm model.10 & 1 
14, 
The econometric models, their results and their estimation of impacts 
are presented in the following sections. The order of presentation 
is as follows : 
1. U.S. total telephone traffic outgoing to the world 
2. U.K. total telephone traffic outgoing to the world 
3. Japan total telephone traffic outgoing to the world 
4. U.S. telephone traffic to the U.K. 
5. U.S. telephone traffic to Japan 
6. U.K. telephone traffic to Hong Kong 
7. Japan telephone traffic to U.S, 
15 
Japan Total Telephone Traffic To The World 
Model (Annual Data 1975 - 1985) 
In MIN - -13.8737 + 2.0939 In GNP + 2.0633 In CPI -0.3968 In P 
where In =• Logarithm 
MIN = Total outgoing traffic minutes from the U.S. 
GNP - Real GNP of the U.S. 
CPI = Consumer price index of the U.S. 
P = Nominal telephone rate per minute 
Results 
Regression Regression 
Period t^-Stati stics Coeffici ent 
(Calendar 
Year) OW F-Stat In GNP In CPI In P In GNP In CPI In P 
75-85* 0.996 2.44 933 5.0 9.3 -2.1 2.09 2.06 -0.40 
75-86 0.997 2.61 1,260 6.0 10.6 -2.6 2.18 2.01 -0.43 
75-87 0.997 2.54 1,561 7.2 10.9 -2.7 2.32 1.97 -0.44 
75-88 0.998 2.53 2,019 9.0 11.4 -2.7 2.39 1.97 -0.43 
% Deviation of 
Actual from Forecast 
Regression % Deviation of with Telephone Rates Telephone Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Calendar (Non-price Impact) Non-price Impact) i%} (%) 
Year) 86 ^7 88 86 87 88 86 87 88 86 87 M. 
75-85 3.3 6.6 6.6 6.8 9.5 8.7 3.5 2.9 2.1 -8,1 +1.8 +1.7 
75-86 N/A 5.0 4.9 N/A 4.2 3.3 N/A -0.8 -1.6 
75-87 N/A N/A 2.6 N/A N/A 1.8 N/A N/A -0.8 
* plot of the model residuals which appear to have shown no problem of heteroscedasticity is 
given in Figure A of Appendix J. 
MCI and USS entered the U.S. international telephone market in 1986. In 
1986, deregulation stimulation of traffic other than price for the U.S. is 
estimated to be about 3% and increased to a maximum of about 6% for 
subsequent years as a considerable amount of this traffic was reported by 
the U.S. carriers to be fraudulent, Obviously, this stimulation is mainly 
due to higher promotional and advertising activities as the carriers 
compete. This is supported by the regression results that as data were 
extended to beyond year 1985, the elasticity coefficient of price changed 
16 
slightly from -0.40 to -0.43. This indicates that demand has become 
slightly more elastic after the new common carriers came into the 
market due to higher publicity and other promotional activities as 
they compete while making price reduction. 
In 1986, there was a telephone rate reduction of 8.1% bringing, 
according to the model, ari extra traffic of 3.5%. This can be 
calculated simply by multiplying the 8.1% price reduction with the 
elasticity of 0.43. The total impact including non-price 
stimulation, thus, was about +6.8% in 1986 and increased to a maximum 
of about 9% for subsequent years. The slight telephone rates 
increased during 1987-88 were not really due to rates increased but 
traffic mix as telephone rates vary for different destinations. 
The DW statistics have riot changed significantly as data were 
extended period by period beyond year 1985. This implies that a 
significant structural change due to new common carriers entry is not 
observed and the new common carriers have not caused an enormous 
non-price impact that cannot be captured by the independent variables 
in the model. This has not contradicted the above finding. 
17 
Japan Total Telephone Traffic To The World 
Model (Annual Data 1975/76 - 1985/86) 
In CALL - -1.2998 + 2.8744 In GDP - 0.8203 In RP 
where In = Logarithm 
CALL = International telephone calls from the U.K. to the 
world 
GDP = Gross domestic product of the U.K. in real terms 
RP = Telephone rate per minute for traffic from the U.K. to 
the world deflated by consumer price index of U.K. 
Results 
Regression Regression 
Period t-Statisti cs Coefficient 
.(Financial 
Year) ~R2 DW F-Stat In GDP In RP In GDP In RP 
75-85* 0.987 1,96 389 3.9 -10,0 2.87 -0.82 
75-86 0.990 1.94 527 5.7 -12.4 2.77 -0.83 
75-87 0.992 1.93 710 8.1 -14.8 2.73 -0.83 
75-88 0.993 1.93 948 10,7 -16.7 2.73 -0.83 
% Deviation of 
Actual form Forecast 
Regression % Deviation of with Telephone Rates Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Financial (Non-price Impact) Non-price Impact) (%) L U 
Year) 86 87 M 86 87 88 8G 88 86 87 M 
75-85 -1.6 -2.3 -2.7 -4.5 -6.3 -6.7 -2.9 -4.0 -4.0 +3.8 +1.3 0 
75-86 N/A -1.2 -1.3 N/A -2.3 -2.3 N/A -1.1 -1.0 
75-87 N/A N/A -0.6 N/A N/A -0.6 N/A N/A 0 
* Plot of the model residuals which appear to have shown no problem of heteroscedasticity is 
given in Figure B of Appendix J. 
Despite the fact that British Telecom was privatized in 1984 and was made 
competing with Mercury Communications for both domestic and international 
traffic, no price reduction due to competition on the U.K. international 
telephone market was seen and the market share of Mercury for the total 
outgoing international telephone traffic was only about 1.4% in 1987/88 and 
3.6% in 1988/89. This conforms with the finding by the model that impact 
of deregulation other than price was not significant in 1987/88 - 1988/89. 
18, 
According to Mercury Communications, the competition was initially 
more significant on the private leased circuits which are solely used 
by the very heavy tielecommunications users. This appears to have 
some correlation with the marginal negative % deviation of actual 
from forecast persistently observed for the years 86/87 to 88/89 
reflecting migration of international telephone traffic as Mercury 
competed with BT and was trying to get heavy telephone users to use 
leased circuits. As BT's historical actual after 1988/89 are not 
available, it is unable to measure the impact of deregulation after 
1988/89. 
The price elasticity coefficient remained stable at -0.83 for all 
periods of regression. This further evidenced that non-price 
deregulation impact was not significant. The DW statistics remained 
stable at about 1.94 for all periods of regression, reflecting no 
structural change/significant non-price deregulation impact due to 
entry of MCL. This reconfirms the above finding. Price elasticity 
of -0.83 means that there would be 8.3% extra traffic if 
international rates in the U.K. were reduced by 10%. 
19 
Japan Total Telephone Traffic To The World 
Model (Annual Data 1979/80 - 1987/88) 
In MIN - -9.5957 - 0.6642 In RP + 3.2567 In Trade 
where In =» Logarithm 
MIN =» Total outgoing traffic minutes from Japan to the 
world 
RP =» Telephone rate per minute for traffic from Japan to 
the world deflated by consumer price index 
Trade = Total trade volume of Japan in real terms 
Results 
R e g r e s s i o n R e g r e s s i o n 
Per i od t - S t a t i s t i c s C o e f f i c i e n t 
( F i n a n c i a l 
Year ) "R2 DW F - S t a t In RP In Trade In RP In Trade 
79-87* 0.950 1.97 76 -2.5 4.2 -0.66 3.23 
79-88 0.966 2.09 130 -2.8 5.0 -0.67 3.16 
79-89 0.975 1.87 193 -2.9 5.2 -0.70 2.97 
79-90 0.980 1.59 265 -2.9 5.1 -0.69 2.84 
% D e v i a t i o n o f 
A c t u a l from F o r e c a s t 
R e g r e s s i o n % D e v i a t i o n o f w i t h T e l e p h n e R a t e s T e l e p h o n e T e l e p h o n e Rates 
P e r i o d Actua l from F o r e c a s t Unchanged ( P r i c e + R a t e s E f f e c t Changed 
( F i n a n c i a l ( N o r i - q r i c e Impact ) N o n - p r i c e Impact) f%) 
Year) 88 M iQ. 88 89 i i 88 89 90 88 i i M 
79-87 - 3 . 2 - 1 3 , 3 -20.9 5.6 5.7 8.7 8.8 19.0 29.6 -12.3 -15.4 -16.5 
79-88 N/A -11.7 -19.2 N/A -1.2 2.1 N/A 10.5 21.3 
79-89 N/A N/A -14.1 N/A N/A -2.6 N/A N/A 11.5 
• P l o t o f t h e model r e s i d u a l s which appear t o have shown no problem of h e t e r o s c e d a s t i c i t y i s 
g i v e n i n F i g u r e C o f Appendix J . 
In October 1987, Japan began to accept applications for IVANS Licence. 
The non-price impact which includes non-price stimulation and migration 
due to IVANS/leased circuits as a result of telecom deregulation was found 
to be approximately -13% in 1989/90 and about -21% in 1990/91. This 
indicates that there are increasing migration due to liberalizations of 
IVANS/leased circuits in Japan. 
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The new international common carriers, IDC and ITJ entered the 
international voice telephone market to compete with KDD in October 
1989. The elasticity coefficient was slightly up from -0.67 to -0.70 
as regression period extended to beyond 1988/89. This is very 
similar to the U.S. case that international rates became slightly 
more elastic as the carriers competed for the market with more 
advertising/publicity and other promotional activities in addition to 
price cut. This indicates that there should have been some non-price 
stimulation due to multi-carriers competition. 
The continuous international rates cut had in fact substantially 
stimulated demand as shown by the price elasticity and the telephone 
rates effect calculated. The 38% international telephone rates 
reduction in total since 1988/90 due to multi-carriers competition 
had stimulated traffic demand amounting to almost 30% in 1990/91. 
However, this stimulation had been largely offset by the migration of 
traffic to IVANS/leased circuits. The overall impact including price 
as a result of telecom deregulation in Japan thus was not 
substantially high. This explains why the rate of total outgoing 
Japan traffic growth to the world has not been found to have dropped 
despite vigorous impact by IVANS/leased circuits. The rates of 
telephone traffic growth from 1986/87 to 1990/91 were 26.8%, 29.6%, 
29.0%, 31.0% and 33.6% respectively. 
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U.S. Telephone Traffic To The U.K. 
Model (Annual Data 1975 - 1985) 
MIN - -467425 + 316 PDI + -13075 RP + 11648 DFAX 
where MIN =• Telephone traffic minutes from U.S. to U.K. 
PDI « USA personal disposable income in real terms 
RP = Collection rate per minute for traffic from the U.S. 
to the U.K. deflated by consumer price index 
DFAX =» Dual trend for fax traffic from the U.S. to the 
U.K. with value zero before 1985 to cater for the 
rapid growth of fax traffic which is transmitted over 
telephone circuit and is treated as part of the 
telephone traffic. 
Results 
Regression Regression Elasticity 
Period t-Statisti cs Coefficient Coeffi ci ent 
(Calendar 
Year) ' ~g2 DW F-Stat PDI RP DFAX PDI RPd DFAX PDI RP DFAX 
75-85* 0.966 2.02 96 5.4 - 3 . 1 1.0 316 -13075 11648 4.93 -0 .68 0.02 
75-86 0.979 2.03 168 5.8 - 3 . 3 1.7 318 -13117 14052 4.41 -0 .58 0.04 
75-87 0.981 1.96 211 5.0 - 3 . 0 3.4 290 13355 23047 3,67 -0 .51 0.10 
75-88 0.992 1.77 324 5.1 -3 .0 4.2 289 -12856 25614 3,33 -0 .42 0.14 
% Deviation of 
Actual from Forecast 
Regression % Deviation of with Telephone Rates Telephone Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Calendar (Non-price Impact) Non-price Impact) (%) (JO — 
Year) 86 87 88 86 87 88 86 87 88 M 87 88 
75-85 2.3 13.1 13.9 4.8 15.6 16.0 2.5 2.5 2.1 -13.1 0 0 
75-86 N/A 7.7 1 1 . 4 N/A 7.7 1 1 . 4 N/A N/A N/A 
75-87 N/A N/A 4.2 N/A N/A 4.2 N/A N/A N/A 
* plot of model residuals which appear to have shown no problem of heteroscedasticity is 
given in Figure D of Appendix J. 
Some non-price stimulation of telephone traffic from the U.S. to the U.K. 
was observed in 1986 when MCI and USS entered the international telephone 
market. The 13% extra traffic for 1987 and 1988 was not totally due to 
non-price competition but fraudulent traffic as enormous amount of the 
traffic was fraudulent as reported by the U.S. carriers. 
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The price elasticity coefficient was decreasing, as the regression 
period was extended towards 1988’ probably due to distortion by the 
fraudulent traffic if rates have not become less and less elastic as 
international telephone has become relatively less and less expensive 
in real terms, accounting for a smaller portion of personal income. 
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U.S. Telephone Traffic to Japan 
Model (Annual Data 1975 - 1985) 
In MIN =- -22.4807 + 3.1463 In PDI + 1.8131 In CPI - 0.4487 In P 
wherein =- Logarithm 
MIN =- Traffic minutes from the U.S. to Japan 
PDI = Personal disposable income in real terms 
CPI Consumer price index of the U.S. 
P =» Telephone rate per minute for traffic from the 
U.S. to Japan 
Results 
Regression Regression 
Period t-Statisti cs Coeffi cient 
(Calendar 
Year) "R2 DW F-Stat In PDI In CPI In P In PDI In CPI In P 
75-85 0.996 1.74 937 5.7 7.3 -2.5 3.15 1.81 -0.45 
75-86 0.997 1.73 1,343 7.0 9.3 -2.9 3,19 1.79 -0.46 
75-87 0.995 1.61 874 6.7 6.5 -1.8 3.78 1.71 -0.40 
75-88 0.995 1.32 907 8.5 5,8 -1.3 4.33 1.66 -0.30 
% Deviation of 
Actual from Forecast 
Regression % Deviation of with Telephone Rates Telephone Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Calendar (Non-price Impact) Nort-price Impact) (%) (%) 
Year) 86 87 M 8 6 8 7 M M 8 7 M 8 6 8 7 M 
75-85 1.1 19.7 27*1 8.6 23.7 31.4 7.5 4.0 4.3 -14.8 +8.9 +0.1 
75-86 N/A 19.1 2 6 . 4 N/A 14.5 21.5 N/A -4.6 -4.9 
75-87 N/A N/A 15.9 N/A N/A 15.9 N/A N/A 0 
* Plot of model residuals which appear to have shown no problem of heteroscedasticity is 
given in Figure E of Appendix J, 
Small non-price stimulation of telephone traffic from the U.S. to Japan 
was observed in 1986. The 20% extra traffic in 1987 arid 27% in 1988 
appeared too high, conforming that enormous amount of traffic was due to 
fraudulent traffic as reported by the U.S. carriers. This is somewhat 
evidenced by the DW statistics as regression period was extended to 1988. 
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The coefficient of price elasticity is estimated to be -0.45. The 
elasticity after 1986 is not reliable due to the likely distortion 
by the fraudulent traffic as indicated by the DW statistics. The 
reduction of telephone rates by 14.8% in 1986 using the elasticity 
means an extra traffic of about 7%. 
25 
U.K. Telephone Traffic to Hong Kona 
Model (Annual Data 1975/76 - 1986/87) 
In MIN - -13.9764 - 1.1417 In RP + 3.9690 In GDP 
where In = Logarithm 
MIN = Traffic minutes from UK to Hong Kong 
RP = Per minute telephone rate for traffic from UK to HK 
deflated by consumer price index 
GDP =» Gross domestic products of UK in real terms 
Results 
Regression Regression 
Period t-Statistics Coeffi ci ent 
.(Fi nanci al 
Year) R^ DW F-Stat In RP In GDP In RP In GDP 
75-86* 0.975 1.61 214 -7.1 3.4 -1.14 3.97 
75-87 0,980 1.61 230 -8.4 4.8 -1.14 3.93 
75-88 0.984 1.60 391 -9.6 5.7 -1.17 3.67 
75-89 0.986 1.58 505 -10.3 6.5 -1.18 3.56 
75-90 0,988 1.53 614 -10.7 6.8 -1.19 3,44 
% Deviation of 
Actual from Forecast 
Regression % Deviation of with Telephone Rates Telephone Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Financial (Non-price Impact) Non-price Impact) (%) {%} 
Year) 87 88 89 90 87 88 89 90 87 88 89 90 87 88 89 
75-86 -0.4 -8.0 -9.1 - 1 3 . 0 0.0 -7.1 - 7 . 9 -11.7 0 . 4 0.9 1 .2 1 . 3 0 . 4 - 0 . 4 -0.3 - 0 . 2 
75-87 N/A -7.7 -8.8 -12.7 N/A -7.2 -8.0 -11.8 N/A 0.5 0.8 0.9 
75-88 N/A N/A -5.6 -9.7 N/A N/A -5.3 -9.2 N/A N/A 0.3 0.5 
75-89 N/A N/A N/A -7.5 N/A N/A N/A -7.3 N/A N/A N/A 0.2 
* plot of model residuals which appear to have shown no problem of heteroscedasticity is given in 
Figure F of Appendix J. 
Mercury and BT compete for the private leased circuits business after 
telecom deregulation in 1984. International telephone traffic from 
U.K. to Hong Kong appears to have been migrated to leased circuits 
amounting to 13% in 1990/91 according to the econometric model. There 
was no price competition in international telephone resulting no 
stimulation of traffic to offset the loss to leased circuits, unlike 
in the Japan case. The rates of telephone traffic growth from 1987/88 
to 1990/91 were 22.4%, 13.4%, 18.0% and 7.9% respectively. This 
conforms with the result of the total U.K. outgoing. 
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The price elasticity coefficient is estimated to the about -1.14, 
compared with -0.83 for Che U.K.. total. This result is reasonable as 
the social connection between U.K. and Hong Kong, a British Colony, 
is believed to be somewhat higher than the average social connection 
between U.K. and other parts of the world. 
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Japan Telephone Traffic To The U.S. 
Model (Annual Data 1975/76 - 1986/87) 
In MIN - 3.7759 + 0.8508 In Trade + 0.9986 In GPI - 0.8637 In P 
where In = Logarithm 
MIN - Traffic minutes from Japan to the U.S. 
TRADE =- Total trade between the U.S. and Japan in real terms 
CPI = Consumer price index of the U.S. 
P » Telephone rates per minute for traffic from Japan to 
to the U.S. 
Results 
Regression > Regression 
Peri od t-Statisti cs Coeffi ci ent 
(Financial 
Year) "R2 DW F-Stat In Trade In CPI In P In Trade In CPI In P 
75-86* 0.980 1.88 184 4.1 1.5 -3.5 0.85 1.00 -0.86 
75-87 0.985 1.87 267 5.0 1.8 -3.9 0.84 1.03 -0.86 
75-88 0.989 1.89 374 5.6 2.2 -4.3 0.85 0.99 -0.87 
75-89 0.991 1.89 513 5.9 2.6 -5.3 0.85 0,99 -0.86 
75-90 0.993 1.93 681 6.4 2.7 -7.3 0.84 0.97 -0.90 
% Deviation of 
Actual from Forecast 
Regression % Deviation of with Telephone Rates Telephone Telephone Rates 
Period Actual from Forecast Unchanged (Price + Rates Effect Changed 
(Financial (Non-price Impact) Non-price Impact) [50 l^L 
Year) 87 88 89 90 87 88 89 90 87 88 89 90 87 M 89 90 
75-86 - 1 . 2 1 . 6 - 0 . 3 4 . 3 12.8 27.8 57 .2 102.5 14.0 26 .2 57.5 98.2 -14.3 -10.6 -23.0 - 2 1 . 4 
75-87 N/A 2.4 0.6 5.2 N/A 12.7 38.6 78.2 N/A 10.3 38.0 73.0 
75-88 N/A N/A -0.6 3.9 N/A N/A 24.7 60.7 N/A N/A 25.3 56.8 
75-89 N/A N/A N/A 4.3 N/A N/A N/A 28.4 N/A N/A N/A 24.1 
* plot of model residuals which appear to have shown no problem of heteroscedasticity is given in 
Figure G of Appendix J. 
According to the model, the continuous reduction of telephone rates for 
traffic from Japan to the U.S. has created significant stimulus of 
traffic. In fact, continuous Substantial Price reduction for traffic 
to the U.S. stated long before the entry of the new common carriers in 
our 1989 probably due to deregulation of specialized private line 
services by the Federal C o m m u n i c a t i o n s C o m m i s s i o n in the U.S. in 1971. 
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This probably explains why significant migration of telephone traffic 
to IVANS/Leased circuit was not found by the model as in the Japan 
total case as migration has been consistently embedded in the time 
series . 
The deregulation impact other than price in 1990/91 following the 
entry of new common carriers, IDC and ITJ, into the international 
voice market to compete with KDD was found to be about 4%. As data 
extended beyond year 1989/90, the coefficient of price changed 
slightly from -0.86 to -0.90. This probably implies that price has 
become slightly more elastic after the new common carriers entered 
into the market due to higher publicity creating higher awareness of 
price reduction as they compete. This conforms with the extra 
traffic created by advertising/publicity. 
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Estimation of Deregulation Impact Using Box-Jenkins Technique 
The Box-Jenkins technique is employed in time-series where monthly 
historical data are available, such as Hong Kong telephone traffic from 
and to the U.S., U.K. and Japan, to supplement/support/countercheck the 
econometric results . 
The univariate Box Jenkins ARIMA model takes the general form as follows : 
(1 - B)d (1 - BS)D (1 - (()^  - 4>2B2 . . . (|) pBP) (1 - - $ 2B 2 S . .. $ pB P S) Xt 
= ( 1 - e
 XBB - E2B2 … E BQ) (I - - 0 2 B 2 S … QB Q S ) £T 
where B is the backward shift operator defined by BnXt = Xt_n, £ t is a 
o 
white noise term with variance cr and ((j^ , <l> 6 are parameters to 
be estimated. Conventionally, an ARIMA model is defined specifically as 
(p, d, q)(P, D, Q)s where the integers p, q denote the orders for the 
non-seasonal AR and MA parts respectively, P, Q are orders for the 
seasonal parts, and d, D represent the non-seasonal and seasonal 
differencing done to render the series stationary. S refers to the lags 
2 1 
of the series taken. 
Based on the assumption that history repeats itself in the future, 
univariate time series analysis, especially ARIMA modelling, offers help 
in detecting/estimation of any structural changes that occurred over time. 
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ARIMA models were constructed for Hong Kong telephone traffic from/to 
the U.S., the U.K. and Japan prior to the introduction of their 
deregulation in their international telecom markets. By means of 
ex-ante forecast for the period after implementation of deregulation 
and comparing with the actual, the total impact of the deregulation 
in the main can be estimated. This impact, however, can not be 
separated into that due to price changes and that due to non-price 
competition as in the Econometric method. Nevertheless, it helps to 
give some support / supplement / countercheck the econometric 
results. The ARIMA models were rerun, where appropriate, with an 
additional year of historical data to project for another year of 
forecast to see if the actual continues to deviate from the forecast 
in the same track. The order of presentation is as follows: 
1. U.S. telephone traffic to Hong Kong 
2. Hong Kong telephone traffic to the U.S. 
3. U.K. telephone traffic to Hong Kong 
4. Hong Kong telephone traffic to the U.K. 
5. Japan telephone traffic to Hong Kong 
6. Hong Kong telephone traffic to Japan 
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U . S . T e l e p h o n e T r a f f i c t o Hong Kono 
Model (Monthly Data Apr 79 - Dec 84) 
ARIMA (0, 1 1) x (0’ 1’ 1)12 
Level of significance =- 0.20 
Transformation = Square Root 
Details are given in Appendix D 
Results 
Level of 
Significance of % Deviation of 
Monthly Data Model Actual from Forecast 
1985 1986 
Apr 79 - Dec 84 0.20 -8.1 N/A 
Apr 79 - Dec 85 0.33 N/A +25.5 
Apr 79 - Dec 86 0.15 
MCI and USS joined the international telephone market in the U.S. during 
1986 and the telephone collection rate was reduced by approximately 8%. 
Traffic from the U.S. to Hong Kong projected by the Box-Jenkins model 
using historical monthly data up to Dec85 for the year 1986 was 
suprisingly lower than the actual by 25,5%. However, according to the 
U.S. carriers, an enormous amount of that was due to the fraudulent 
traffic. Nevertheless, this gives some support to the econometric results 
that there were some stimulus due to deregulation in the U.S.. As data 
extended to Dec 86, the level of significance of the model dropped 
reflecting some structural change of the time series. 
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Hong Kong Telephone Traffic to the U.S. 
Model (Monthly Data Jan 79 - Dec 84) 
ARIMA (0 1 1) x (0, 1, 1)12 
Level of significance =0.74 
Transformation — Square root 
Details are given in Appendix E. 
Results 
,Level of 
Significance of % Deviation of 
Monthly Data Model Actual from Forecast 
1985 1986 
Jan 79 - Dec 84 0.74 -2.4 N/A 
Jan 79 - Dec 85 0.34 N/A +9.6 
Jan 79 - Dec 86 0.01 
The increase in traffic from the U.S. to Hong Kong in 1986 due to new 
common carriers and the enormous fraudulent traffic appear to have 
stimulated some traffic from Hong Kong to the U.S. as well. This may 
be due to the general belief that communication is bothways, calls 
from one direction may generate response in return from the other 
direction. 
The level of significance of the model dropped to 0.01 when the 
monthly traffic data for 1986 were included in the model. This 
indicates a structural change of the time series particularly in 
1986. 
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U.K. Telephone Traffic to Hong Kong 
Model (Monthly Data Apr 81 - Mar 87) 
ARIMA (0, 1, 1) x (0, 1, 0)12 
Level of significance =0.99 
Transformation = Divided by working day and take logarithm 
Details are given in Appendix F. 
Results 
Level of % Deviation of 
Monthly Data Significance of Actual from Forecast 
Model 
87/88 88/89 89/90 
Apr 81 - Mar 87 0.99 -6.3 N/A N/A 
Apr 81 - Mar 88 0.91 N/A -7.1 N/A 
Apr 81 - Mar 89 0.68 N/A N/A -0.8 
Apr 81 - Mar 90 0,75 
Competition for leased circuits business in the U.K. appeared to have 
resulted significant migration of U.K.-to-Hongkong telephone 
traffic. This conforms with the econometric results. 
Level of significance of the model dropped significantly as monthly 
data extended beyond Mar 88 reflecting structural change of the 
international telephone time series impacted by leased circuits. 
Further extension of data to Mar 90 and projected for 89/90, the 
forecast turned out to be quite close to actual reflecting the impact 
by leased circuits had been sufficiently embedded in the time series. 
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Hong Kong Telephone Traffic to the U.K. 
Model (Monthly Data Apr 81 - Mar 88) 
ARIMA (0, 1, 1) x (0, 1, 1)12 
Level of significance = 0.74 
Trans formation = Logarithm 
Details are given in Appendix G. 
Results 
Level of % Deviation of 
Monthly Data Significance of Actual from Forecast 
Model 
' 87/88 88/89 89/90 
Apr 81 - Mar 87 0.39 -0.2 N/A N/A 
Apr 81 - Mar 88 0.74 N/A -1.4 N/A 
Apr 81 - Mar 89 0.45 N/A N/A -2.1 
Apr 81 - Mar 90 0.79 
No significant impact of deregulation can be observed as suggestd by 
the ex-ante forecasts, but a signal of migration of telephone traffic 
to leased circuits as for the UK to Hong Kong direction and the UK 
outgoing total can be interpreted. 
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Japan Telephone Traffic to Hong Kong 
Model (Monthly data Jan 81 - Dec 88) 
ARIMA (2, 1’ 1) x (1, 1, 0)12 
Level of significance =» 0.12 
Transformation == Divided by number of working days and take 
logarithm. 
Details are given in Appendix H. 
Results 
Level of 
Significance % Deviation of 
Monthly Data of Model Actual from Forecast 
Jan-Aug 
1989 1990 1991 
Jan 81 - Dec 88 0.12 -5.3 N/A N/A 
Jan 81 - Dec 89,. 0.42 N/A -4,8 N/A 
Jan 81 - Dec 90 0.54 N/A N/A -0.8 
Jan 81 - Aug 91 0.53 
Despite reduction of telephone rates for traffic from Japan to Hong 
Kong by approximately 21% in October 1989, traffic from Japan to Hong 
Kong projected by the Box-Jenkins model using historical monthly data 
upto Dec88 for the year 1989 is higher than the actual by 5.3% and 
projection using data upto Dec89 for 1990 is higher than the actual 
by 4.8%. This indicates that there has been significant migration of 
traffic to IVANS/leased circuits. This agrees with the econometric 
results of Japan total telephone traffic to the world. Further 
extension of data to Dec 90 and projected for Jan - Aug 1991’ the 
forecast turned out to be quite close to actual reflecting the impact 
by IVAN/leased circuits had been sufficiently embedded in the time 
series . 
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Hong Kong Telephone Traffic to Japan 
Model (Monthly Data Jan 81 - Dec 87) 
ARIMA (1’ 1, 0) x (1, 1, 0)12 
Level of significance = 0,98 
Transformation = Divided by number of working days arid take 
logarithm 
Details are given in Appendix I. 
Results 
Level of 
Significance of % Deviation of 
Monthly Data Model Actual from Forecast 
1988 1989 1990 1991 
Jan 81 Dec 87 0.98 -4.2 N/A N/A N/A 
Jan 81 - Dec 88 0.90 N/A -11.5 N/A N/A 
Jan 81 - Dec 89 0.68 N/A N/A -8.3 N/A 
Jan 81 - Dec 90 0.10 N/A N/A N/A -0.9 
Jan 81 - Dec 91 0.08 
Despite the introduction of off-peak IDD rates from Hong Kong to 
japan in Aug 88, the forecast for 1989 projected by Box-Jenkins model 
using data upto Dec 88 turned out to be higher than the actual by 
11.5%. As data extended to Dec 89 and projected for 1990, again the 
forecast turned out to be higher than the actual. This suggests that 
there has been some exogenous force to result actual lower than our 
expectation. The exogenous force is likely the IVANS/Leased 
circuits. This appears to conform with the results for 
Japan-to-Hongkong and the econometric results for Japan total 
telephone traffic to the world. 
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Further extension of data to Dec 90 and projected for 1991’ the 
forecast turned out to be quite close to actual reflecting that the 
exogenous force had been sufficiently embedded in the time series. 
The level of significance significantly dropped to 0.68 as data 
extended to Dec 89. If further dropped severely to 0.10 on inclusion 
of an additional year of monthly data into the model. The gives a 
piece of strong evidence to the conclusion of a structural change on 
Hongkong-to-Japan telephone traffic since 1989 likely due to the 
impact of IVANS/Leased circuits. 
General Comments on ARIMA Results 
Results produced by the ARMA Models in general support the 
Econometric results. There appears to have been stimulation of 
international telephone traffic due to multi-carriers competition but 
loss of international telephone traffic due to IVANS/Leased circuits 
as shown by the ex-ante forecasts. This is also evidenced by the 
fact that the ARIMA models fail to maintain their superb performance 
as data extended to the time of multi-carriers entry of IVANS/Leased 




SUMMARY AND CONCLUSION 
This paper has identified and quantified the impact of telecommunications 
deregulation in the U.S., U.K. and Japan on International telephone 
traffic. Demands for the total outgoing international telephone traffic 
originated from the U.S., U.K. and Japan were modeled using the 
Econometric method. Support was also made by modeling of demand for U.S. 
telephone traffic to U.K. and Japan, for U.K. telephone traffic to Hong 
Kong, and for Japan telephone traffic to the U.S. using Econometric 
method, and by modeling of demand for Hong Kong telephone traffic from and 
to the U.S., the U.K. and Japan using Box-Jenkins Technique. 
Despite the fact that their models and results were presented, a general 
picture could not be drawn without summarizing their results. In the 
following sections, the results will be summarized and discussed to answer 
the questions posed in chapter I. That is: 
1) Would the total international telephone market be stimulated as a 
result of multi-carriers due to price and non-price competition? 
2) How much traffic could be migrated from international telephone 
to IVANS/Leased circuits? 
3) Could the dominant carriers cover their loss to other carriers 
and services by the gain in stimulation of demand in the total 
telephone market? 
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Price elasticity of demand will also be summarized. Inference to the Hong 
Kong situation will also be made. 
Multi-carriers Effect 
The new common carriers, MCI and USS entered the U.S. international 
telephone market in 1986. Mercury did not have any international 
telephone traffic in the U.K. until 1987. IDC and IT J entered the 
Japan market in late 1989, 
Price competition on the international telephone market was not 
serious in the U.S. International telephone rates in the U.S. were 
only cut by about 8% in 1986. Price competition did not occur at 
all in the U.K. However, in Japan, KDD reduced international direct 
dialling rates by 21% in September 1988 in preparation for the 
competition and further reduced rates by 18% in counteracting with 
the 21% reduction by ITJ and IDC in November 1989. 
Econometric results show that total multi-carriers impact including 
effect of price reduction on international telephone would be no 
higher than 9% for the U.S. as a considerable amount of traffic was 
reported by the U.S. carriers as fraudulent traffic, nil for the 
U.K. and 30% for Japan. 
In conclusion, the entry of new common carriers into the 
international telephone market could drive international telephone 
rates down by as much as 38% and could stimulate a total traffic by 
as much as 30% in the case of Japan. However, in perspective 
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of the dominant international carriers, international rates can be 
reduced without telecom deregulation as telecommunications and their 
charges to customers, even for monopolies, are regulated by the 
government. 
In the case of Japan, international telephone rates were reduced 
substantially long before the entry of new common carries. This also 
happened to the U.S. and U.K. International rates had also been cut 
in Australia, Singapore, Hong Kong and other parts of the world where 
international telecommunications were monopolised. Thus, it is of 
more interest to see what the non-price impact by multi-carriers 
could be . 
Econometric results show that non-price impact by multi-carriers 
would be no more than 6% for the U.S., as a considerable amount of 
the U.S. traffic was reported fraudulent, insignificant for the U.K. 
and about 4% for Japan. Thus, it is reasonably obvious to conclude 
that non-price stimulation due to higher promotional and advertising 
activities as the carriers compete would not be more than 6%. 
The multi-carriers effect estimated by the econometric model for 
total outgoing international telephone traffic of U.S., U.K. and 
Japan was consistent with that produced by the econometric models for 
U.S. traffic to the U.K. and Japan, and for Japan traffic to the 
U.S., and consistent with the results produced by the ARIMA models. 
41 
IVANS/Leased Circuit Effect 
In 1984, British Telecom in the U.K. was privatised and was made 
competing with Mercury Communications for both domestic and 
international telecom market. Initial competition in the U.K. was 
found more significant on leased circuits. In October 1987, Japan 
began to accept applications for IVANS Licence. The market for 
international leased lines was opened to competition in Japan in 
April 1989. 
Total outgoing telephone traffic of the U.K. appears to have been 
lost slightly with an increasing trend, amounting to almost 3% in 
1988/89, This is also evidenced by the econometric results of the 
increasing loss of the U,K. -to-Hongkong telephone traffic by as 
much as 13% in 1990/91 and the ARIMA results for telephone traffic 
between the U.K. and Hong Kong. 
Effect of leased circuits on telephone traffic is more obvious on 
Japan traffic. Econometric results appear to show that total 
outgoing telephone traffic of Japan has been lost about 3% in 
1988, rising to about 20% in 1990, arid Japan-to-Hongkong traffic 
has been lost by about 16% in 1990. This is also evidenced by the 
strong indications of increasing traffic loss on Japan/HKG stream 
projected by the ARIMA models. 
42 
Price Elast ic i ty of Demand 
One of the most important outputs of this paper is the results of 
price elasticity of demand, which is vital for managerial decision of 
pricing policy. If international telephone is price inelastic, price 
competition will not be able to generate an extra traffic to cover 
revenue loss due to price out. 
Telecom deregulation appears to have induced synergy on the effect of 
price because of higher promotional and advertising activities as the 
telecom carriers compete with price. Price elasticity coefficients 
appear to have gone up slightly as telecom carriers cut their price 
and at the same time publicize for their price cut and quality of 
service. Price elasticity coefficient for the U.S. total outgoing 
telephone traffic was found to rise slightly from -0.40 for the 
regression period prior to entry of MCI & USS to -0.43 for the 
regression period extended to the year of their entry. That for the 
U.K. total outgoing was found to increase marginally from -0.82 for 
the regression period prior to Mercury Communication's entry to -0.83 
for the regression period extended to the year of Mercury's entry. 
That for the Japan total outgoing was found to rise slightly from 
-0.67 for the regression period prior to the entry of IDC & ITJ to 
-0.70 for the regression period extended to the year of entry of IDC 
& ITJ • 
43, 
The main results of price elasticities of demand for international 
telephone can be summarized as follows : 
Price 
Elasticity 
Total U.S. outgoing -0.4 
Total U.K. outgoing -0.8 
Total Japan outgoing -0.7 
U.S. to U.K. -0.6 
U.S. to Japan -0.5 
U.K. to Hong Kong -1.1 
Japan to U.S. -0.9 
These results show that international telephone, in general, are 
price inelastic, implying that price reduction is not likely to 
generate more revenue for international carriers as a group. 
Examining the regression results form period to period, we can also 
conclude that advertising and promotional activities are able to 
create additional demand and induce synergy on the effect of price 
if used simultaneously with pricing. 
Impact on the Dominant Carriers 
In perspective of the dominant carriers, they would be most concern if 
their loss to other carriers and services could be covered by the gain 
in stimulation of demand in the total telephone market. 
44, 
Both dominant international telephone carrier in the U.S. and the 
U.K. , AT & T and BT, now account for more than 90% of the total 
international telephone market whilst KDD in Japan now accounts for 
no more than 80% of the total international telephone market. With 
non-price stimulation at 6% at the maximum and demand of 
international telephone being price inelastic, it is unlikely, if not 
impossible, that the multi-carriers stimulation can cover the 
dominant carriers' loss of the market share on International 
telephone. The loss is aggravated by the migration of telephone 
traffic to IVANS/Leased circuits as evidenced most obviously in the 
Japan case. In short, telecom deregulation is not in the interest of 
dominant carriers . 
Inference to the Hong Kong Situation 
With the global trend of liberalization in the telecommunications 
markets. Hong Kong is facing pressure of liberalization of the basic 
domestic and international telecommunications services currently 
solely provided by Hong Kong telecom. 
Whilst the government has yet to decide whether Hong Kong telecom can 
retain its monopoly after its domestic franchise expires in 1995 and 
its international franchise expires in 2006, Hong Kong telecom is being 
hard pressed for liberalization of its international data and 
facsimile-based services. In fact, America Telephone & Telegraph 
Corporation and Hutchison Telecommunications Ltd has reamed up a 
company called HANS to exploit this market, initially on the U.S., 
U.K., Japan and Australia route. 
45, 
Should this happen, Hong Kong will be equivalent to have a second 
international carrier or IVANS on international data and 
facsimile-based services. The effect could be analogous to the 
multi-carriers effect that had happened in the U.S., U.K. and Japan 
or IVANS in Japan. That is, there could be price competition 
stimulating a substantial amount of data and fax traffic but a 
considerable loss of market share to HANS, and it is unlikely, if 
not impossible, that Hong Kong Telecom could cover its loss in 

















































































































































































































































































































































































































































































































































































































































































































TOTAL OUTGOING TELEPHONE TRAFFIC OF UNITED KINGDOM 
47, 
United Kingdom 
W ^ m M p u olng M C L OutgoIng . 
_ _ ^ W a t l b h a l ' .CirbWtti .::'• International g v _ ) 
1 9 6 6 / 6 7 9 , 2 1 0 , 0 0 0 
1967 /68 10,824,000 18% 
1 9 6 8 / 6 9 1 3 , 2 2 3 , 0 0 0 2 2 % 
1 9 6 9 / 7 0 1 5 , 7 4 9 , 0 0 0 19% 
1970/71 18,821,000 20% 
1 9 7 1 / 7 2 2 1 , 9 6 3 , 0 0 0 17% 
1972 /73 25,412,000 
1 9 7 3 / 7 4 2 9 , 1 7 8 , 0 0 0 15% 
1 9 7 4 / 7 5 3 6 , 2 5 2 , 0 0 0 2 4 % 
1 9 7 5 / 7 6 4 4 , 3 2 6 , 0 0 0 2 2 % 
1 9 7 6 / 7 7 5 4 , 8 0 3 , 0 0 0 23% 
1 9 7 7 / 7 8 7 0 , 5 3 7 , 0 0 0 2 9 % 
1 9 7 8 / 7 9 8 6 , 9 3 0 , 0 0 0 2 3 % 
1 9 7 9 / 8 0 1 0 6 , 4 2 7 , 0 0 0 2 2 % 
1 9 8 0 / 8 1 1 1 6 , 5 3 3 , 0 0 0 
1981 /82 132,255,000 
1 9 8 2 / 8 3 1 4 8 , 4 7 8 , 0 0 0 1 2 % 
1983/84 166,295,360 1 2 % 
1 9 8 4 / 8 5 1 9 0 . 0 5 1 , 8 4 0 
1 9 8 5 / 8 6 2 1 0 , 8 3 8 , 7 6 0 1 1 % 
1 9 8 6 / 8 7 2 3 3 , 1 1 0 . 4 6 0 ” 
1 9 8 7 / 8 8 2 6 5 , 7 7 5 . 6 2 0 14% 1 3 ' 7 ^ , 0 5 7 
• ! « / f t q o d d 3 3 1 6 4 8 13% 3 9 , 5 9 4 , 1 9 7 8 8 % 
1 9 8 8 / 8 9 1 5 8 5 8 0 2 7 4 3 0 1 % 
1 ^ 8 9 / 9 0 ^ 7 8 4 7 63 88% 
J _ 9 9 0 / 9 1 . — — L — W 0 ” — — : J 
Source Annual reports of British Telecom and internal 
records of Mercury Communications, U.K. 
48, 
JAPAN TELEPHONE TRAFFIC TO THE WORLD 
Year Paid minutes ('000) GR % 
1979 77032 . 
1980 90870 17.96 
1981 110134 21.20 
1982 133572 21.28 
1983 160804 20.39 
1984 201570 25.35 
1985 252541 25.29 
1986 320333 26.84 
1987 415X75 29.61 
1988 535598 29.01 
1989 701452 30.97 
1990 937400 33.64 
Source : KDD annual report and 
records of International Digital 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• ^ ^ 53 
International Digital Communications, Inc. 
• 5-20-8. Asakusabaahl, Taito-ku, Tokyo 111, Japan 
• H M ^ ^ H I 81-3^ 620-508! 
Fax + 8t-3-5820-^BSB 
Tol©x 02425667 IDCTYO 
DATE: SEPTEMBER 30, 1991 
TO MR, MICHAEL LEUNG 
FAX NOi +852-82—0685 
FROM: SUZUKI TAKAO (IDC) 
FAX NO: +81-3-5820-5363 
PHONE: +81-3-5820-5081 
Dear Mr. Leung 
The data of international leased circuits from Japan to the world total 
are as flollows; 
A C T U A L N U M B E R (CCTS) 
— ~ j ~ — I 
FISCAL YEAR 83/84 84/85 85/86 86/87j 87/88 88/89 89/90 
i i i ‘ 
i I I 
VOICE GRADE 2 9 3 ) 3 8 1 5 1 2 6 5 4 8 5 1 , 8 2 5 j 7 6 0 
— 
1 i 
MEDIUM SPEED j 1 8 1 2 1 4 1 5 2 2 
j I 
! 
- . j _ 
HIGH SPEED 1 j 1 3 6 0 1 9 8 3 5 5 
I • I 
- i - - - - • ‘ j 
T O T A L 2 9 3 3 8 2 ! 5 2 1 5 7 9 | 9 2 1,038 1437 
} L 





































































































































































































































































































































































































































































































































































































































































































































0 2 2 7 1 5B 0 9 * I D C T 0 K 8 1 3 - 5 8 2(15 3 h:3 P H 2 
, ^ — ‘ '• 
55 
ibllection Charge History 
Destination 85/4 86/9 88/9 89/11 90/4 90/U 
- 1.836 1.462 U 2 2 m 782 
n n 1 ^ m 
m 2.196 1.770 1 .^0
 S ^ 
I 
Duration ^ 6minutes 


















































































































































































































































































































































































GROSS DOMESTIC PRODUCTS AND CONSUMER PRICE INDEX OF THE UK 5 7 
UK GDP in 
Billions Pounds 
YEAR (constant 1985 prices) UK CPI 
1975 296.4 36.1 
1976 307.4 42.1 
1977 310.5 48.8 
1978 322.6 52.8 
1979 329.9 59.9 
1980 323.6 70.7 
1981 320.4 79.1 
1982 324,5 85.9 
1983 336,3 89.8 
1984 342.3 94.3 
1985 356.3 100 
1986 370.6 103.4 
1987 387.7 107.7 
1988 402.5 113.0 
1989 410.4 121.8 
1990 413.3 133.4 
Source : International Financial Statistics 
















































































































































































































































































































































































































































































































































































































































































:::: U . S . A . Telephone Tr^ff
 t Q Honff 
T h e S A S
 System 09:25 Wednesday, April 15, i992 
n 1 
ARIMA Procedure 
W A R N I N 0 : N L A G
. 25% or the series length. The 
'7PProx,mat,on« usn.l r r correlahion based statistics and 
confidence intervals may bn poor. 
llie SAS System 09:25 Wednesday, April 15’ 1992 
32 
AIUMA Procedure i S: I j. 
Name o f variable = l/SAI . 
Period(s) of !) i T To renc i ng = 1,12. 
Meati of work in series = o 
S tarularc! dev i ni. i on ,= 74 . 7 7 7 5 
Number o f observn f.ions = 56 
NOTE: Thp f i rpsh 13 observah ions were eliminated by 
(J i f 1'e rencing . 
Auhocorrelations 
Lag Covariatice Correlation -1 9 8 7 (i 5 't 3 2 t 0 1 2 3 i 5 6 7 8 9 1 
0 5591.G67 1.00000 | fe* * • 
1 - 3 7 ‘ '1 .889 - 0 . G G 9 7 3 • t ** * . I 
2 M10.093 0.25218 j . . i 
3 - 2 8 5 . 120 - 0 . 0 5 0 9 9 } * | . 
'1 -594.455 -0. 10G31 { . 
5 1 M 1 . 581 0. 201 1(5 j • **** [ 
6 - 1 2 9 7 . 7 0 9 0 . 2 3 2 0 8 { . * 
7 117 4 . 5 4 8 0 . 2 1 0 0 5 • * * * * 
8 ~G83.8G9 -0.12230 j . | 
9 1 8 9 . 8 8 9 0 . 0 3 3 9 6 * . | 
I 10 -251.116 -0.0449I » . . j 
1 1 12 1 1.037 0.21G58 j . **** . | 
12 -221J.589 -0.39552 | ********| . j 
13 20 70.448 0.37027 \ . | . \ 
I 14 - 1 1 9 9 . 8 5 3 - 0 . 2 1 4 5 8 \ . • | 
15 313.156 0.05600 j . J * } 
16 40.954306 0.00732 j . | . | 
j 17 - 7 0 2 . 6 9 6 - 0 . 1 2 5 6 7 „ * * * | . 
18 1934.380 0.34594 J • ******* • | 
19 -2557.182 -0.45732 j • * * * * * * * * • | 
20 1973.2,12 0.35289 j . • j 
21 -1077.625 -0.19272 { . **** J ‘ ‘ • { 
22 1-19.062 0.02G66 J . \* . J 
2 3 115.G08 0.07433 . * . J 
2 1 -3«3 . J 29 -(). 00852 . * . 
•• • " marks I.wo st,andard ,errors 
Thn SAS System 09:25 Wednesday, April 15, 1992 
3 3 
Al? MA I rrmlurr» 
I 
j 
j I — — 1 
62, 
Inverse Autocorrelations 
Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 0.76735 • * * I 
2 0.56295 .. • * 
3 0.4624 L • j I 
4 0.34095 . I 
5 0. 19618 • . 
6 0.14842 • *** 
7 0.09869 • 
8 0.08749 | • * ‘ 
9 0.08827 ] 
10 0 . 10 102 | • . 
11 0. 16518 . ** , 
12 0.27705 j , • 
13 0.25693 | . ***** | 
14 0. 28475 { , »****** J 
15 0.32G26 , :• • • » • • | 
16 0.29124 | ****** j 
17 0. 21629 • • . j 
18 0 • 21648 • • | 
19 0,22641 . + j 
20 0. 171 15 i . j *** • J 
21 0.12095 I . 
22 0.06459 | . * • 
23 0.01812 I I 
24 0.01203 J 




Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 -0.66973 ; • j 
2 -0.35606 ******* J • 
3 -0.12549 • i • 
4 -0.25405 I • | 
5 -0.01813 
6 -0.12709 I . *** ‘ 
7 -0.00739 . . 
8 0.02576 J * 
9 0.01768 | . 1 
10 -0.13885 • ***! • 
11 0.34156 • 
12 -0.19997 • • • 1 
13 -0•00993 . 1 , . 
14 0.01166 I 
15 -0.03719 * 
]6 -0.22754 | • 
17 -0.17789 • 
18 0. 14746 . *** • | 
19 -0.12323 ** j 
20 -0.09459 • + • | 
21 -0.06 140 * J 
22 0 • 1 5 8 0 7 • • • • 
23 0.01216 J , , 
2 4 - 0 . 0 3 9 8 1 : — : J 63 
A" toc:o 1 at i (" Chnr-k f.ot. Wli i t.e Noise 
To Chi Autocorrelations 
Lag Square DF Prob 
6 37.33 6 0.000 -O.fwO 0.252 -().()5 1 -0.106 0.204 -0.232 
12 56.4 2 12 0.000 0.210 -0.122 0.034 -0.0,15 0.217 -0.396 
18 82.14 18 0.000 0.370 -0.215 0.056 0.007 -0.126 0.346 
24 116.27 24 0.000 -0.457 0,353 -0. 193 0.027 0.074 -0.069 
The SAS System 09:25 Wednesday, April 15, 1992 
35 
AR[MA Procedure 
Conditional Least Squares Estimation 
Approx. 
Parameter Estimate S td Error T Ratio Lag 
MAI ,1 0.64309 0.12669 5.08 1 
AR1,1 -0.37692 0.15344 -2.46 1 
Variance Estimate = 2620.89889 
Std Error Estimate = 51.1947155 
AIC = 601 .675795* 
SBC = 605.726498* 
Number of Resi duals= 56 
* Does not include log determinant. 
Correlations of the Estimates 
Parameter MAI ,1 AR1,1 
MAi,1 J.000 0.570 
ARi,1 0.570 1.000 
A u t o c o r r e l a t i o n C h e c k of Residuals 
To Chi Autocorrelations 
Lag Square DF Prob 
6 1.31 4 0.859 0,003 0.015 -0.029 -0.065 0.104 -0.067 
12 9.83 10 0.455 0. 125 -0.027 -0.020 0.065 0.015 -0.310 
18 15.32 16 0.501 0.094 -0.14 6 -0. 126 -0.084 0.004 0.125 
24 27.41 22 0. 196 -0.331 0.040 -0. 125 -0.053 0.054 -0.057 
Model for variable USAI 
Data have been centered by subtract Lng the value 1 . 9929022322, 
No mean term in th is mode 1. 
Per iod(s ) o f Differencing = 1,12. 
A u t o r e g r e s s i v e F a c t o r s 
















































































































































































































































































Hong Kong Telephone Traffic to U.S.A. 
ARIMA Procedure 
W A R N I N G : T h e
 NLAG is larger than 25% of the series length Th 
The SAS System 09:06 Monday, April 13’ 1992 17 
ARIMA Procedure 
Name of variable = USAO» 
Period(s) of Differencing = 1,12. 
Mean of working series = 0 
Standard deviation = 31,00034 
Number of observations = 59 
NOTE.. The first 13 observations were eliminated by 
differencing , 
Autocorrelations 
Lag Covariance Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 f t q i 
1 -604.193 -0»62870 * * i 
2 1 0 7 . 7 3 3 0 . 1 1 2 1 0 « • 1 • 
3 15 3 . 3 1 9 0 . 1 5 9 5 4 ] • 
4 - 2 7 3 . 7 3 2 - 0 . 2 8 4 8 3 •  :• • • | 
5 236.654 0.24625 • I***** • 
6 5 3 . 8 7 7 2 0 1 0 . 0 5 6 0 6 • • 
7 - 3 2 9 . 2 9 2 - 0 . 3 4 2 6 5 • 
8 3 1 5 . 3 9 8 0 . 3 2 8 1 9 • | • 
9 -130.704 -0.13601 j • ** • • 
10 - 8 9 . 1 1 4 1 3 4 - 0 . 0 9 2 7 3 • * * | • 
11 3 4 2 . 0 5 5 0 . 3 5 5 9 3 { , 
12 -464.606 -0.4 834 5 j ***** • 
13 2 9 1 . 6 2 3 0 . 3 0 3 4 5 • | * * * * * •• 
14 -22,169386 -0.02307 J . 1 • I 
15 - 6 9.951044 - 0 . 0 7 2 7 9 . * I 
16 2 7 . 9 3 3 7 1 7 0 . 0 2 9 0 7 . * * 
17 - 2 5 . 5 1 6 7 3 4 - 0 . 0 2 6 5 5 | * 
18 - 5 8 . 6 2 6 2 7 3 - 0 . 0 6 1 0 0 . * 
19 231.687 0.24108 J . [ 
20 - 1 9 3 , 7 0 4 - 0 , 2 0 1 5 6 • • 
21 6.302664 0.00656 . . j 
22 5 0 . 5 8 7 6 3 2 0 . 0 5 2 6 4 } • • 
23 -90.861428 -0.09455 • ** } • j 
24 1 3 1 . 8 0 4 0 . 1 3 7 1 5 { . | *** . 
“.“marks two standard errors 
The SAS System 09:06 Monday, April 13 1992 177 
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ARIMA Procedure 
Hong Kong Telephone Traffic to U.S.A. 
Inverse Autocorrelations 
Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 0.65052 • 
2 0.20582 • • 
3 -0.06575 • * • 
4 -0.13219 [ • • j 
5 -0.08974 • • | 
6 0.04520 I . * . 
7 0.16269 1 • *** • 
8 0.13026 • • 
9 0.03984 * 
10 -0.06308 1 • * . 
11 -0.09190 - • • 
12 0.02812 • * • 
13 0.08211 1 • ** • 
14 0.14365 1 • # • 
1 5 0 . 1 4 9 4 0 • • 
16 0.08715 • * 
17 -0.08612 1 • **1 * 
18 -0.18152 1 • | • 
19 -0.08637 | • ** • 
20 0.10017 | • • 
21 0.22785 • 
22 0.23431 
23 0.15126 1 • • i 
2 4
 ° '
0 5 8 6 4 !
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ARIMA Procedure 
Partial Autocorrelations 
^ 1 q o 7 f i 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
Lag Correlation -1 9 8 / b o 4 0 f . 
1 -0.62870 • 
2 -0.46824 • 
3 -0.06642 “ • I 
4 -0.24465 . 
5 -0.10229 . “ 
6 0.31457 • J 1 
7 -0.05773 . l\ . 
8 -0.08615 1 • * • 
9 0.03061 • • 
10 -0.13487 . 
11 0.21151 • ; J 
12 -0.09750 • * • 
13 -0.03375 • * • 
14 -0.05308 • 
15 0.18248 • 
16 -0.11334 . *** 
17 -0.19074 1 • * . 
18 -0.04081 • • 1 
19 0.12300 . 
20 0.15561 • 
21 0 . 0 0 8 6 8 1 1 
• « • . 
‘. ..• .-- • • •, 
68 
22 -0»13034 I • • 
2 3 - 0 . 1 1 1 4 8 1 • • 
2 4 - 0 . 1 5 7 5 7 { • * • 1 
Autocorrelation Check for White Noise 
T o Autocorrelations 
L a l ^6?5 e2 °6 - .629 . U 2 . . ^.246. 0.056 
° qi 19 n 000 -0 343 0.328 -0.136 -0.093 0,3o6 -0.48J 
\l 1 ^ 74 8 0 000 0 303 -0.023 ^0.073 0.029 -0 027 -0.061 
2 4 1 0 1 8 2 2 4 0 . 0 0 0 0 . 2 4 1 - 0 . 2 0 2 0 . 0 0 7 0 , 0 5 3 - • , 0 . 1 3 7 
^




/6 OGirOllN^ 'uR.-P INPUT 
u . t-# L.* J “ 
^6 OT :-13:.13 15-0.^ -9-1 
.c? T — CT T O -i T' .H O O i ^ O w* .U W “ • t / 
!H:C3PY AA I 0 IUSA GIJSA 
SAVED OS :04136 13-09-91 
TTXRECT 
[input REG. DIFF, SEAS. PERIOD, AND SEAS. DIFF IN UECTOR FORM. 
ENTER AeOUE UECTOR 
ENTER INPUT SERIES ** 72 OUSA 
ENTER 0-7 FOR XFORMATIQN i"‘ 
ENTER AR TERMS ** 0 
ENTER HA TERMS ** :1 
I ENTER SEAS.AR TERMS ** 0 
ENTER SEAS. fiA TERMS ** t;!:. 
ENTER 1 OR 0 FOR CONST ** 0 
MAX MIN MEAN' MAR. S.E. H 
73.?03 "33.263 -.093 77.S?0 4.071 S? 
NAL FITTING SECTION*** 
CONVERGENCE IS ASSUMED AT ITERATION NO: 13 
NUMBER OF ITERATIONS PERFORMED •  14 
I the residual uaria.nce is •  ^s?, ?s 
1 “ 
FINAL AR £STIMATES 
FINAL MA ESTIMATES ^.74303
 T JpnT 
LINE 23026 COLUMN URAP 1<r J1 
SEAS. AR ESTIMATES 
FINAL SEAS. MA ESTIMATES 0.7S372 
r-x.-rc-c. .-nxicrn.c-ucE COEFFl-^EUT FOR E!ST mAT£S . 95 
ENTER . … — B / S I G H A C B ) CONFIDENCE INTERNAL 
'°
CP SIuhAc:B> T LCUER UPPER 
"i 743 .0S7 3.S62 -^73 




U^DIAGNOSTIC SECTION ON RESIDUALS^**
 ctr nir r n r r n n M 
L -.,-- enn^pp STATISTIC = 13.347 UITH 23 DEGREES OF FREEDOM 
LE^EL OF IIGNI^IOINCE .1-CHISQUARE PROBABILITY^ 0 . 7 3 3 3 9 
INPUT MAX LAG FOR ACF 0 
= 1 = ^ : r f T _ TO ^ C W „ , 
[l
 9c PERCENT CONFIDENCE LIMITS INpijr 
° °
L
^ y R A P FORECAST UPPER 
7 4 1 4 3 7 0 5 : - 3 . 3 4 3 1 5 3 0 6 0 ^ . 9 1 3 
q 1666599.373 1770341 • 454 "37,,IS • 
: ”
 C 9 3=:4 1 6 3 0 9 6 7 . 3 9 0 1 7 3 3 1 9 0 . ^ 0 ^ 
1 ? 0 ' 0 3 3 9 1 « 7 . 4 4 7 
73 . … • soSr ^ 
, 1630016.101 179S62S.3S9 ^ ^ ^ ^ 
3-1 1-0931 • .108 1SS403 V. ^ ? 
1 9 ^ 6 0 5 ^ . 93? 1. , 0 9 ° 
. — • • — . _ - -
r 
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U.K. Telephone Traffic to Hong Kong 
ARIHA Procedure 
.WARNING: The value of NLAG is larger than 25% of the series length. The 
asymptotic approximations t.sed for correlation based statistics and 
confidence intervals may be poor. 
The SAS System 09:06 Monday, April i3 j 1992 139 
ARIMA Procedure 
Name of variable = UKO• 
Period s) of Differencing = 1^12. 
Mean of working series = 0 
Standard deviation = 0.087645 
Number of observations = 59 
NOTE: The first 13 observations were eliminated by 
differencing. 
Autoco rrelat ions 
[Iiag Covariance Correlation - 1 9 8 7 6 5.. 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
0 0.0076816 1 .00000 j **** * ; | 
1 -0.0044079 -0.57382 J ***********| • | 
2 0 . 0 0 0 9 7 0 3 4 0 . 1 2 6 3 2 . | * * * . | 
3 - 0.0006033 - 0 . 0 7 8 5 4 { . 
4 0.00097079 0 . 12638 J . | i*^ . • 
5 - 0 . 0 0 0 8 0 2 7 - 0 . 1 0 4 5 0 • * { 
6 0 . 0 0 0 0 3 9 9 5 0 . 0 0 5 2 0 . • | 
7 0 , 0 0 0 4 5 5 8 9 0 . 0 5 9 3 5 • * . 
3 - 0 . 0 0 0 9 8 9 1 - 0 . 1 2 8 7 6 . * * * ] • 
9 0 . 0 0 1 0 7 3 1 0 . 1 3 9 7 0 . ** • 
| 10 -0.0006067 -0.07898 { . ** . j 
' I I 0.00075329 0.09806 . {** . 
i 12 -0.0013312 -0. 17330 . . J 
| 13 0.00065718 0.08555 j . j ** . j 
14 0.00052761 0.06868 * J 
I- L5 -0.0005367 - 0 . 0 6 9 8 6 . . 
| 16 0.0000971 0.01264 J . . 
17 0 . 0 0 0 5 0 8 9 2 0 . 0 6 6 2 5 [ • 
18 - 0 . 0 0 0 5 6 1 - 0 . 0 7 3 0 4 . * • [ 
19 - 0 . 0 0 0 0 9 4 3 - 0 . 0 1 2 2 7 . | . 
20 0 . 0 0 0 6 3 3 5 3 0 . 0 8 2 4 8 . ** , 
2 1 - 0 . 0 0 0 4 4 1 8 - 0 . 0 5 7 5 1 * 
22 -0.0003521 -0.04584 j * 
23 0 . 0 0 0 1 7 9 4 0 . 0 2 3 3 5 \ . . 
2'1 0 . 0 0 0 5 6 7 9 3 0 . 0 7 3 9 3 * 
“.“marks l.wo s LanHn.rd errors 





Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 0.73048 • **** * * * 
2 0.46034 • ** * 1 
3 0.29754 • **** | 
4 0.21039 . j****, • 
5 0.21387 . 1 j 
6 0.18160 j 
7 0.12252 » . * • j 
8 0.05118 . * . 
9 -0.00903 | | 
10 0.01905 . . 
11 0.02930 j . * . | 
12 0.01557 | j | 
13 -0.07201 . * . * 
14 -0.14528 • * • 
15 -0.13122 j • *** • . j 
16 -0.10926 | . ** j j 
17 -0.06022 * 
18 0.00085 . .. 
19 0.01214 1 | I 
20 0.02610 . * . j 
21 0.05528 j . * . 
22 0.06114 J * 
23 0.02804 . * 
24 -0.00324 . . { 
The SAS System 09:06 Monday, April 13, 1992 141 
ARIMA Procedure 
Partial Autocorrelations 
Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 .7 8 9 1 
1 -0.57382 J . • 
2 -0.30258 • 
3 -0.25889 • 
4 -0.04286 . * . 
5 -0.04721 . * . 
6 -0.10075 • I 
7 -0.00028 • * 
8 -0.16617 • • 
9 -0.03506 * 
10 -0.02178 
11 0.09053 • ** • j 
12 -0.07590 • • I 
13 -0.15723 * • j 
14 0.02527 • * • 
15 0.01917 | 1 
16 0.02493 • . 
17 0.15357 I • *** • 
18 0.02839 1 . !* • 
19 -0.03257 * 
20 0.03418 1 I * 
21 0.04172 • * • ‘ 
74, 
22 - 0 . 0 2 3 1 1 . . 
23 - 0 . 0 8 2 2 3 • • 
24 0 . 0 0 7 9 3 ‘ 
Autocorrelation Check for White Noise 
To Chi Autocorrelations 
Lag Square DF Prob _ 
i 23.61 6 0.001 -0.574 0.126 -0.079 0.126 -0.104 0.005 
12 29 91 12 0.003 0.059 -0.129 0.140 -0.079 0.098 -0.173 
18 32.11 18 0.021 0.086 0.069 -0.070 0.013 0.066 -0.073 
24 33.89 24 0.087 -0.012 0.082 -0.058 -0,046 0.023 0.074 
The SAS System 09:06 Monday, April 13 
ARIMA Procedure 
Conditional Least Squares Estimation 
Approx. 
Parameter Estimate Std Error T Ratio Lag 
MAI ,1 0.76608 0.08422 9.10 1 
Variance Estimate = 0 »00447537 
Std Error Estimate = 0.06689823 
A I C = -150.71458* 
SBC = -148.63705* 
Number of Residuals= 59 
* Does not include log determinant. 
Correlations of the Estimates 
Parameter MAI,1 
MA1,1 1.000 
Autocorrelation Check of Residuals 
T o c h i Autocorrelations 
L a f Sqoa«fi 0P752 -0 105 0.106 0.011 0.111 -0.076 -0.031 
^ ^ 909 0 008 -0.090 0.101 -0.019 0.037 -0.132 
• a l 2 0 964 0 090 0.125 0.00.7 0. 0.070 -
^ 9^96 23 0.992 -0.012 0.046 -0.081 -0,090 0.0?5 0.046 
24 9.96 W
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WARNING The value of NLAQ is larger than 25% of the series length. The 
asymptotic approximations used for correlation based statistics and 
confidence intervals may be poor• 
The SAS System 09:06 Mondayi April i3, 1992 15 
ARIMA Procedure 
Name of 
variable = UKI. [ ‘ . 
Period(s) of Differencing = 
Mean of working series = 0 
Standard deviation = 0i04268l 
Number of observations = 5 9 ,. . . ,
 u 
NOTE: The first 13 observations were eliminated by 
di fferencing• 
Au tocorrelat ions 
. L a g Covariance Correlation … … … 1 L i 
0 0.0018217 1.00000 H M H M J 
1 - 0 . 0 0 0 8 0 9 8 - 0 . 4 4 4 5 6 ! ! ! • 
2 - 0 . 0 0 0 3 2 3 8 - 0 . 1 7 7 7 6 , * * * * ‘ * 
3 0 . 0 0 0 4 5 1 7 2 0 - 2 4 7 9 7 . 
4 - 0 . 0 0 0 3 4 3 7 - 0 . 1 8 8 6 6 • * * * * • 
5 0.00003708 0-02036 • • j 
6 0 . 0 0 0 1 0 9 2 4 0 . 0 5 9 9 7 • • •  
7 0 . 0 0 0 1 1 0 8 2 0 . 0 6 0 8 3 1 • • » 
8 - 0 . 0 0 0 1 0 6 - 0 . 0 5 8 1 9 . • » 
g -0.0001409 -0.07736 • • • 
1 0 0 . 0 0 0 1 5 5 1 8 0 . 0 8 5 1 8 I j 
11 0 . 0 0 0 2 2 4 0 4 0 . 1 2 2 9 8 , 
12 - 0 . 0 0 0 5 2 3 4 - 0 . 2 8 7 3 4 , | • | 
13 0 . 0 0 0 3 2 9 9 8 0 .18114 , • • | 
14 0.00008573 0.04706 • • • • t •• • I 
15 -0.0004971 -0.27286 • … . j 
16 0.00063922 0.35089 , • j | 
17 -0.0002693 -0.i4784 , • | 
18 - 0 . 0 0 0 1 1 3 9 - 0 . 0 6 2 5 3 • • 
19 0 . 0 0 0 1 3 6 8 2 0 . 0 7 5 1 1 ‘ • 1 
20 - 0 . 0 0 0 2 2 2 7 - 0 . 1 2 2 2 3 , • ** • 
2 1 0 . 0 0 0 3 6 0 6 1 0 . 1 9 7 9 5 , . . 
2 2 0 . 0 0 0 0 4 2 7 0 . 0 2 3 4 4 , • • j 
23 -0.0003752 "0.20598 , • • J 
24 0.00016095 0,08835 " ^ ^ ^
 f w o‘ 3 t a n d a r ^ errors 
I
 T h e SAS System 09:06 Monday, April 13, 1992 





Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 0.77945 • ** ***** I 
2 0.59025 • 
3 0.39461 } • j | 
4 0.25980 • 
5 0.10542 • 
6 -0.01664 | 
7 -0.08786 ] * • 
8 -0.05528 . — •  
> 9 -0.02606 | . • I 
10 0.01829 { j 
11 0.06432 • i* • 
12 0.09623 { • | • 
13 0.06245 . ] 
14 0.02253 J . 
15 -0 .03707 | * j 
16 -0.15334 { • ! 
17 -0.17869 • 
18 -0.J0079 i • • I 
19 -0-,21114 • , t 
20 -0.22148 { • • j 
2 1 - 0 . 2 0 1 8 6 • 
22 -0.11211 { , ** j 
23 -0.01359 * « 
24 0.00591 | . { . 
The SAS System 09:06 Monday, April 13, 1992 158 
ARIMA Procedure 
Partial Autocorrelations 
Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 -o.44456 • j 
2 -0.46785 * I 
3 -0.12129 • • J 
4 -0.26546 , 
5 -0.21067 J .****| , 
6 -0.22311 • | 
7 0.00370 • . 
8 0.00474 • . | 
9 -0.08616 | . 
10 -0.06301 • . j 
11 0.24536 • j 
12 -0.07817 . **! | 
13 0.03540 . * • 1 
14 0.02015 
15 -0.18386 j .**** . 
16 0.11985 • | • 
17 -0.03717 } . . { 
18 0.01550 . . 
19 -0.03193 * 
20 -0.16205 • • 
21 0.08515 • • 
79, 
22 0.29323 *** * J 
2 3 0 . 0 7 7 9 0 • 1 
24 - 0 . 0 1 9 7 9 . . | 
Autocorrelation Check for White Noise 
To Chi Autocorrelations 
Lag Square DF Prob 
6 20.81 6 0.002 -0.445 -0.178 0.248 -0.189 0.020 0.060 
12 29.73 12 0.003 0.061 -0.058 -0.077 0.085 0.123 -0.287 
18 51.08 18 0.000 0.181 0.047 -0.273 0.351 -0.148 -0.063 
24 61.78 24 0.000 0.075 -0.122 0.198 0.023 -0,206 0.088 
The SAS System 09:06 Monday, April 13, 1992 159 
ARIMA Procedure 
Conditional Least Squares Estimation 
Approx• 
Parameter Estimate Std Error T Ratio Lag 
MA1,1 0.80867 0.08110 9.97 1 
MA2,1 0.42441 0.13105 3.24 12 
Variance Estimate = 0.00097567 
Std Error Estimate = 0.03123572 
AIC = —239*6107 
SBC = -235.45563* 
Number of Residuals= 59 
* Does not include log determinant. 
Correlations of the Estimates 
Parameter MAI,1 MA2,1 
MAI,1 1.000 -0.133 
MA2,1 -0.133 1,000 
Autocorrelation Check of Residuals 
T o C h i Autocorrelations 
L 1 3<12&81 0 P578 -0.039 -0.120 0.068 -0.059 0.045 0.133 
® r o c
 1 0 o 899 0.134 -0.052 0.017 0.062 -0.000 0.058 
[I !3*29 16 0 651 0 096 0.008 -0.109 0.273 -0.067 -0.029 
II 23*25 22 0 388 0.116 -0.016 0.204 0.034 -0.206 -0.063 
2 4 2 3 , 2 5 2 2 U
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ARIMA Procedure 
WARNING: The value of NLAG is larger than 25% of the series length. The 
asymptotic approximate ions used for correlation based statistics and 
confidence intervals may be poor. 
The SAS System 09:43 Tuesday, April 14, 1992 
18 
ARIMA Procedure 
Name of variable = JAPI. 
Period(s) of Differencing = 1,12. 
Mean of working series = 0 
Standard deviation = 0.035243 
Number of observations = 83 
NOTE: The first 13 observations were eliminated by 
differencing. 
Autocorrelations 
Lag Covariance Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
0 0.0012421 1.00000 * * * * ** | 
} 1 - 0 . 0 0 0 2 9 9 3 - 0 . 2 4 0 9 9 * * * * * • 
2 -0.0001365 -0.10992 • ** • j 
3 0.00041028 0.33033 . f * * * . 
4 - 0 . 0 0 0 0 5 9 7 - 0 . 0 4 8 0 3 1 * • 
5 0 . 0 0 0 0 6 6 8 7 0 . 0 5 3 8 4 . * • 
6 - 0 . 0 0 0 0 1 4 7 - 0 . 0 1 1 8 2 . • 
7 7.92279E-6 0.00638 . . 
8 - 0 . 0 0 0 0 6 9 5 - 0 . 0 5 5 9 8 | • * • 
9 - 0 . 0 0 0 1 8 6 2 - 0 . 1 4 9 9 3 * • 
10 0 . 0 0 0 0 8 3 1 8 0 . 0 6 6 9 7 • * • 
11 -0.0001974 -0.15896 • j • 
12 - 0 . 0 0 0 2 8 6 7 - 0 . 2 3 0 8 2 | * * * * * • ‘ 
13 - 0 . 0 0 0 0 1 2 6 - 0 . 0 1 0 1 1 • • 
14 0 . 0 0 0 0 3 1 0 1 0 . 0 2 4 9 7 | • • 
15 - 0 . 0 0 0 1 0 1 5 - 0 . 0 8 1 6 9 • • 
16 - 0 . 0 0 0 2 1 4 6 - 0 . 1 7 2 7 9 • * * * ‘ , 
| / 17 0 . 0 0 0 1 6 3 0 7 0 . 1 3 1 2 9 • * • 
18 - 0 . 0 0 0 0 4 - 0 . 0 3 2 1 9 • . 
19 -0.0001616 -0. 13010 •
 ± ± • 
2 0 0 . 0 0 0 1 6 8 1 7 0 . 1 3 5 3 9 • “ • 
2 1 0 . 0 0 0 1 2 8 0 2 0 . 1 0 3 0 7 • * * • 
2 2 - 0 . 0 0 0 0 9 9 7 - 0 . 0 8 0 2 4 • • 
2 3 0 . 0 0 0 2 2 3 5 6 0 . 1 8 4 0 1 • * • 1 
24 « 0 . 0 0 0 0 5 7 - 0 . 0 4 5 8 9 ‘ ^ ‘ * 
’• marks two standard errors 
I The SAS System 09:43 Tuesday, April 14 1992 
ARIMA Procedure 
I?: 
I i' ' . 
83, 
Inverse Autocorrelations 
Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 0.41137 j • J 
2 0.17620 i . I 
3 -0.20424 I • 1 
4 -0.12506 • • j 
5 -0.16851 • • | 
6 -0.02041 . . I 
7 0.02979 . * * 
8 0.09696 | . ** . 1 
9 0.12102 { . . 
10 0.18581 • 1 
11 0.31717 • ****** 
12 0.28382 | • J ****** I 
13 0.07319 | . * . 
14 -0.07061 { . *! 
15 -0.09121 • 1 • 
16 0.03155 . I* , 
17 0.00884 { I 
18 0.13284 J • 
19 0.05079 . S* • 1 
20 0,03500 . * . I 
21 -0.08850 • • I 
22 0.03359 . . J 
23 0*01042 . | . | 
24 0.10113 { • 




Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 ^ 
1 -0.24099 • 
2 -0.17836 1 • j 
3 0.28085 • • 
4 0,10246 ) • • 
5 0.15478 • | 
6 -0.06844 j . * . 
7 -0.02408 • • ' 
8 -0.15520 • • j 
9 -0.22041 * • 
10 -0.06019 • * • I 
11 -0.14935 j , 1 
12 -0.24885 *****| • 
13 -0.21501 | • 
14 0. 03297 • j * • { 
15 0.10743 • ** • 
16 -0.06933 • *! • 
17 0.07208 • * • 
18 -0.02591 1 • * 
19 -0.12282 • • | 
20 - 0 . 12006 • • 
21 0.05678 • I • 1 
22 -0.04268 • ' • 
. • • • - • 
• • • " • • • • • • • • • • • • I , ^ w i f f w •jmiiiiwmyFffiJiiFHilwinLWiHiriWWT 
- . . • - -
“ “ ' ' ' ‘ ‘ “ - • “
 111
 * - - - - ‘ . ••—— … 
‘‘“ ‘'* •• . - •• ••• •. . . .•. 
84, 
23 0 . 1 2 4 0 0 . ** . . 
24 - 0 . 1 8 0 6 2 • I 
Autocorrelation Check for White Noise 
To Chi Autocorrelations 
Lag Square DF Prob 
6 16.15 6 0.013 -0.241 -0.110 0.330 -0.048 0.054 -0.012 
12 26.80 12 0.008 0.006 -0.056 -0. 150 0,067 -0. 159 -0.231 
18 32.66 18 0.018 -0.010 0.025 -0.082 -0.173 0.131 -0.032 
24 42.77 24 0.011 -0.130 0.135 0.103 -0.080 0.184 -0.046 
The SAS System 09:43 Tuesday, April 14, 1992 
. — — 2 1 
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34 
ARIMA Procedure 
Conditional Least Squares Estimation 
Approx. 
Parameter Estimate Std Error T Ratio Lag 
MAI,1 -0.55999 0.23416 -2.39 1 
AR1,1 -0.97327 0.20942 -4.65 1 
AR1,2 -0.48665 0.10412 -4.67 2 
AR2,1 -0.45505 0*11301 -4,03 12 
Variance Estimate = 0.00094482 
Std Error Estimate = 0.03073798 
AIC = -338.61034* 
SBC = -328.93498* 
Number of Residuals= 83 
* Does not include log determinant. 
Correlations of the Estimates 
Parameter MAI,1 AR1 1 AR1 2 AR2 1 
MAI,1 1.000 0.875 0.214 -0,172 
AR1,1 0.875 1.000 0.499 -0.043 
AR1 2 0.214 0.499 1.000 0,107 
AR2,1 -0.172 -0.043 0.107 1.000 
Autocorrelation Check of Residuals 
To Chi Autocorrelations 
Lag Square DF Prob 
6 3.84 2 0.146 0.012 0.057 0.125 0.138 0.071 -0.013 
12 14 22 8 0.076 -0.068 -0.037 -0.071 -0.093 -0,288 -0.062 
18 18.94 14 0.167 -0.077 -0.012 -0.126 -0.110 0.045 -0.094 

































































































































































































































Hong Kong Telephone Traffic to Japan 
r 
O 





WARNING: The value of NLAG is larger than 25% of the series length. The 
asymptotic approximations used for correlation based statistics and 
confidence intervals may be poor. 
The SAS System 09:43 Tuesday, April 14, 1992 
10 
C ARIMA Procedure 
Name of variable = JAPO. 
Period(s) of Differencing = 1,12. 
Mean of working series = 0 
Standard deviation = 0.03707 
Number of observations = 11 
( NOTE: The first 13 observations were eliminated by-
differencing . 
(. Autocorrelations 
Lag Covariance Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1^ 
, o 0.0013742 1.00000 } ; ********************, 
1 -0.0007167 -0.52152 J • | 
2 0.00026311 0.19146 | • I**** • J 
3 -0.0000337 -0.02454 j 
4 -0.0000356 -0.02592 . . J 
5 0 . 0 0 0 0 7 2 1 4 0 . 0 5 2 4 9 . * . 
‘.• 6 - 0 . 0 0 0 0 9 - 0 . 0 6 5 4 9 * 
7 0 . 0 0 0 0 6 9 4 2 0 . 0 5 0 5 1 } * 
8 - 0 . 0 0 0 0 4 2 9 - 0 . 0 3 1 2 1 • • 
9 0 . 0 0 0 1 0 3 3 8 0 . 0 7 5 2 2 | • * • 
10 -0.00029 -0.21099 • **** i • J 
11 0 . 0 0 0 3 9 6 1 3 0 . 2 8 8 2 6 • 1 * * * * * * | 
12 -0,0005136 -0,37373 j * : ** • [ 
13 0.00013267 0.09654 • j** • 
14 - 0 . 0 0 0 0 5 6 - 0 . 0 4 0 7 7 | * • 
15 0.00004437 0.03229 . j* • 
16 0 , 0 0 0 0 3 6 6 3 0 . 0 2 6 6 6 • * • 
17 - 0 . 0 0 0 1 1 1 - 0 . 0 8 0 7 8 
, 18 0 . 0 0 0 1 1 7 6 9 0 . 0 8 5 6 4 • • 
19 -0.0001594 -0.11597 • | • 
20 0 . 0 0 ( ) 0 5 3 7 7 0 . 0 3 9 1 3 . • 
‘ 2 1 - 0 . 0 0 0 0 4 6 1 - 0 . 0 3 3 5 6 • ’ ’ 
22 0 . 0 0 0 0 9 3 2 5 0 . 0 6 7 8 5 • * • 
2 3 - 0 . 0 0 0 0 7 5 - 0 . 0 5 4 5 9 • ] • | 
4, 24 0.000159S5 0.11632 . • ‘ 
“ . “ marks two standard errors 
The SAS System 09:43 Tuesday, April 14, 1992 
11 
ARIMA Procedure 
. . • * 
.• •. - • .-•••.,», • .V ‘ , ,. . , ... ‘ • . . . , • . , , . . - ..• .•. • . •-..•‘ • -, .  ‘. -.• W.I . if^i, ‘ ‘ „ . ., ,. • •», . K . ,. •* • .. -fi' F. ‘ ,. . rn^'" * - ,‘ 
•• • • • - • • . • ... - ' . . • , - ‘ • • • . • -. « . . .. , • - . • ’ ' . - « - - ....
 1
 • . . . . . . ,. • • ‘ • • -, • ' • 
:. •• . • “ . .. : _ • • : ' ' •*• ‘ • . . . . . / . . ‘‘ • .,‘ ,. . • ‘ . . . - • . ' • • . . . ‘ . • • . : . . .’. 
Inverse Autocorrelations 
LAG Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1^  
1 0 53563 • J*********** J 
2 0.14064 • j 
3 -0.00645 I . • 
4 -0.00931 . • | 
5 0.04729 . * • | 
6 0.15695 • * • | 
7 0.14705 • 
8 0.09383 • • j 
9 0.08728 • * 
10 0 . 1 2 1 2 6 • • 
11 0.15382 • 1*** • 
12 0.34573 • ** **** J 
13 0.25960 • *** 
14 0.05338 1 * 
15 -0.05390 . • 
16 - 0 . 0 2 6 1 1 | *'« 
17 0.04094 \ 1 * 
18 0.11461 • • 
19 0.16156 • • 
20 0.10461 1 • * • 
21 0.03178 { • * • 1 
22 -0.00353 • • 
23 -0.04620 • * • 
24 -0.03443
 S A S S y; t e m*
;




Lag Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 ^ 
1 -0.52152 I • 
2 -0.11061 • • 
3 0.03988 1 • 
4 -0.00344 . J 
5 0.03676 • • I 
6 -0.02908 S . * • 
7 0.00011 1 
8 -0.00528 • • 
9 0.08572 1 ‘ • ‘ 
10 -0.19334 . *** I 
11 0.12566 } 
12 -0.22925 : : : • J 
13 -0.27349 ** . . 
14 -0.17241 • • 
15 0.02231 • • 
16 0.05725 • • 
17 -0.01293 • . J 
18 0.00541 1 • • I 
19 -0.10037 1 • . j 
20 -0.13816 | . * . | 
21 -0.01527 • • 
22 -0.04635 ] ‘ ‘ 
••• , ••••••wiii"_••-"••••••iiiriwrTmmmimiTiTOTiroimTiTnflMMMratlSMWffMfffflBffl^ff^  
. ‘ ‘ .'/. ••?. “ • • :. ..,•,•. . • . \ V • • •••' •‘ •: .. “. , . “ • -. • • 
• • •• • • . WL^ VU^ L^U'X.^ ^ . .-". • •"••:.‘.., ... .• - • ’ 




23 0.00568 { . , 
24 0.06307 • •  I* * 
L 1 I 
I. 
I 
Autocorrelation Check for White Noise 
h 
To Chi Autocorrelations 
Lag Square DF Prob 
-
 6
 23.55 6 0.001 -0.522 0.191 -0.025 -0.026 0.052 -0.065 
12 47.54 12 0,000 0.051 -0.031 0.075 -0.211 0.288 -0 374 
18 50.03 18 0.000 0.097 -0.041 0.032 0.027 -0.081 0 086 
“
 2 4
 53.94 24 0.000 -0,116 0.039 -0.034 0.068 -0.055 0.116 




Conditional Least Squares Estimation 
Approx. 
Parameter Estimate Std Error T Ratio Lag 
AR1,1 -0.53316 0.10269 -5.19 1 
AR2,1 -0.43258 0.11738 -3.69 12 
Variance Estimate = 0.00085341 
. Std Error Estimate = 0.02921323 
AIC = -298.24441* 
SBC = -293.71905* 
Number of Residuals= 71 
* Does not include log determinant* 
Correlations of the Estimates 
. -
I -
’ P a r a m e t e r AR1,1 AR2,1 
a 
AR1,1 1,000 -0.113 
. AR2,1 -0.113 1.000 
. Autocorrelation Check of Residuals 
To Chi Autocorrelations 
L Lag Square DF Prob 
6 2.79 4 0.593 -0.096 -0.116 0.102 -0.010 0.014 -0.061 
12 5.05 10 0.888 -0,010 0.006 -0.020 -0.116 0.111 0,003 
18 7.67 16 0.958 -0.157 -0.010 0.023 0.002 -0,015 -0.058 
24 10.70 22 0,979 -0.142 0.006 0.023 0.015 0.093 0.005 




Autocorrelation Plot of Residuals |li 
I Lag Covariance Correlation - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
0 0.00085341 1.00000 | **** * * * * j 
1 -0.0000819 -0.09602 j • ** • 
I ^ 
I ... • • :'.'" "".. -. V, ‘ - “ • • . • • . ‘ •' • 
. , * • • . . • • • 
- . . . . . . 
I • 
• 
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